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Thebb  is  weighty  and  abundant  evidence  that  the 
flowers  of  moat  kinds  of  plants  are  constructed  so  as 
occasionally  or  habitually  ecoas-fertilised  by 
pollen  from  another  flower,  produced  either  by  the 
flame  plant,  or  generally,  as  we  shall  hereafter  see 
reason  to  believe,  by  a  distinct  plant.  Cross-fertilisa- 
tion is  sometimes  ensured  by  the  sexes  being  separated, 
and  in  a  large  number  of  cases  by  the  pollen  and 
stigma  of  the  same  flower  being  matured  at  difl'erent 
Such  plants  are  called  dichogamoua,  and  have 
been  divided  into  two  sub-classes :  proteraudrous  species. 
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in  whioh  the  pollen  is  mature  before  the  stigma,  and 
proterogynoTis  species,  in  which  the  reverae  occurs ; 
this  latter  form  of  dichogamy  not  being  nearly  bo 
common  &s  the  other.  Cross-fertilisation  ia  also  en- 
sured, in  many  cases,  by  mechanical  contrivances  of 
wonderful  beauty,  preventing  the  impregnation  of  the 
flowers  by  their  own  pollen.  There  ia  a  small  class  of 
plants,  which  I  have  called  dimorphic  and  trimorphic, 
but  to  which  Hildebrand  has  given  the  more  appro- 
priate name  of  heterostyled ;  this  class  consists  of 
plants  presenting  two  or  three  distinct  forms,  adapted 
for  reciprocal  fertilisation,  so  that,  like  plants  with 
separate  sexes,  they  can  hardly  fail  to  be  intercrossed 
in  each  generation.  The  male  and  female  organs  of 
some  flowers  are  irritable,  and  the  insects  which  touch 
them  get  dusted  with  pollen,  whioi  is  thus  transported 
to  other  flowers.  Again,  there  is  a  class,  in  which  the 
ovules  absolutely  refuse  to  be  fertilised  by  pollen  from 
the  same  plant,  but  can  be  fertilised  by  pollen  from 
any  other  individual  of  the  same  species.  There  are 
also  very  many  species  which  are  partially  sterile  with 
their  own  pollen.  Lastly,  there  is  a  large  class  in 
which  the  flowers  present  no  apparent  obstacle  of  any 
kind  to  self-fertilisation,  nevertheless  these  plants  are 
frequently  intercrossed,  owing  to  the  prepotency  of 
pollen  from  another  individual  or  variety  over  the 
plant's  own  pollen. 

As  plants  are  adapted  by  such  diversified  and  effec- 
tive means  for  cross- fertilisation,  it  might  have  been 
inferred  from  this  fact  alone  that  they  derived  some 
great  advantage  from  the  process  ;  and  it  is  the  object 
of  the  present  work  to  show  the  nature  and  importance 
of  the  benefits  thus  derived.  There  are,  however,  some 
exceptions  to  the  rule  of  plants  being  constructed  bo 
as  to  allow  of  or  to  favour  cross-fertilisation,  for  some 
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few  plants  seem  to  be  inTariably  self-fertilised;  yet 
even  these  retain  traces  of  having  been  formerly 
adapted  for  cross-fertilisation.  These  exceptions  need 
Hot  make  us  doubt  the  truth  of  the  above  rule,  any 
more  than  the  existence  of  some  few  plants  which  pro- 
duce flowers,  and  yet  never  set  8eed,  should  make  us 
doubt  that  flowers  are  adapted  for  the  production  of 
seed  and  the  propagation  of  the  species. 

We  should  always  keep  in  mind  the  obvious  fact 
tiiat  the  production  of  seed  is  the  chief  end  of  the 
act  of  fertilisation ;  and  that  this  end  can  be  gained 
by  hermaphrodite  plants  with  incomparably  greater 
certainty  by  self-fertilisation,  than  by  the  union  of 
the  sexual  elements  belonging  to  two  distinct  flowers 
or  plants.  Yet  it  is  as  unmistakably  plain  that  innu- 
merable flowers  are  adapted  for  cross-fertilisation,  as 
that  the  teeth  and  talons  of  a  carnivorous  animal  are 
adapted  for  catching  prey  ;  or  that  the  plumes,  wings, 
and  hooks  of  a  seed  are  adapted  for  its  dissemination. 
Flowers,  therefore,  are  constructed  3(j*ft3  to  gain  two 
objects  which  are,  to  a  certain  extent,  antagonistic,  and 
this  explains  many  apparent  anomalies  in  their  struc- 
ture. The  close  proximity  of  the  aathers  to  the  stigma 
in  a  multitude  of  species  favours,  and  often  leads,  to 
self-fertilisation ;  but  this  end  could  have  been  gained 
for  more  safely  if  the  flowers  had  been  completely 
closed,  for  then  the  pollen  would  not  have  been  injured 
by  the  rain  or  devoured  by  insects,  as  often  happens. 
Moreover,  in  this  case,  a  very  small  quantity  of  pollen 
would  have  be-en  sufGcient  for  fertilisation,  instead  of 
millions  of  grains  being  produced.  But  the  openness 
of  the  flower  and  the  production  of  a  great  and  ap- 
parently wasteful  amount  of  pollen  are  necessary  for 
croBB-fertilisation.  These  remarks  are  well  illustrated 
by  the  plants  called  cleistogene,  which  bear  on  the 
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same  stock  iwo  kiuJe  of  flowers.  The  flowers  of  the  one 
kind  are  minute  and  completely  closed,  so  that  they 
cannot  possibly  be  crossed ;  but  they  are  abundantly 
fertile,  although  producing  an  extremely  small 
quantity  of  pollen.  The  flowers  of  the  other  kind 
produce  much  pollen  and  are  open ;  and  these  can  be, 
and  often  are,  cross-fertilised.  Hermann  Muller  haa 
also  made  the  remarkable  discovery  that  there  are 
some  plants  which  exist  under  two  forms ;  that  is, 
produce  on  distinct  stocks  two  kinds  of  hei-maphrodite 
flowers.  The  one  form  bears  small  flowers  constructed 
for  self-fertilisation  ;  whilst  the  other  bears  lai-ger  and 
much  more  conspicuous  flowera  plainly  constructed 
for  cross-fertilisation  by  the  aid  of  insects ;  and  without 
their  aid  these  produce  no  seed. 

The  adaptation  of  flowers  for  cross-fertilisation  is  a 
euhject  which  haa  interested  me  for  the  last  thirty- 
seven  years,  and  I  have  collected  a  large  mass  of  ob- 
servations, but^^ae  are  now  rendered  superfluous  by 
the  many^Wcellent  works  which  have  been  lately  pub- 
lished. In  the  year  1857  I  wrote  •  a  short  paper  on 
the  fertilisation  of  Jhe  kidney  bean  ;  and  in  1862  my 
work  '  On  \he  Contrivances  by  which  British  and 
Foreign  Orchids  are  Fertilised  by  Insects '  appeared, 
It  seemed  to  mc  a  better  plan  to  work  out  one  group 
of  plants  as  carefully  as  I  could,  rather  than  to  pub- 
lish many  miscellaneous  and  imperfect  observations. 
My  present  work  is  the  complement  of  that  on 
Orchids,  in  which  it  waa  shown  how  admirably  these 
plants  are  constructed  so  as  to  permit  of,  or  to  favour, 
or  to  necessitate  cross-fertilisation.     The  adaptations 
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for  cross-fertilisation  are  perhaps  more  obvimia  in  the 
Orchidese  than  in  any  other  group  of  plants,  but  it  is 
an  error  to  speak  of  them,  as  some  authors  have  done, 
as  an  exceptional  case.  The  lever-like  action  of  the 
stamens  of  Salvia  (described  by  Hildebrand,  Dr.  W. 
Ogle,  and  others),  by  which  the  anthers  are  depressed 
and  rubbed  on  the  backs  of  beea,  shows  as  perfect  a  . 
atmcture  as  can  be  found  in  any  orchid.  Papilion- 
aceous Sowers,  as  described  by  various  authors — for 
instance,  by  Mr.  T.  H.  Farrer — offer  innumerable 
curious  adaptations  for  cross-fertilisation.  The  case  of 
Posoqueria  fragrans  (one  of  the  Kubiacea;},  is  as  won- 
derful as  that  of  the  most  wonderful  orchid.  The 
stamens,  accordiiig  to  Fritz  Miiller,*  are  irritable,  so 
that  as  soon  as  a  moth  visits  a  flower,  the  anthers  ex- 
plode and  cover  the  insect  with  pollen ;  one  of  the 
filaments  which  is  broader  than  the  others  then  moves 
and  closes  the  flower  for  about  twelve  hours,  after 
which  time  it  resumes  its  original  position.  Thus  the 
stigma  cannot  be  fertilised  by  poU^fcom  the  same 
flower,  but  only  by  that  brought  by  a  moth  from  some 
other  flower.  Endless  other  beautiful  contrivances  for 
this  same  purpose  could  be  specifieA 

Long  before  1  had  attended  to  the  fertilisation  of 
flowers,  a  remarkable  book  appeared  in  1793  in  Ger- 
many, 'Das  Entdeckte  Geheimniss  der  Natur,'  by 
C.  K.  Sprengel,  in  which  he  clearly  proved  by  innumer- 

t  observations,  how  essential  a  part  insects  play  in 
!  fertilisation  of  many  plants.  £ut  he  was  in  ad- 
tnce  of  his  age,  and  his  discoveries  were  for  a  long 

B  neglected.  Since  the  appearance  of  my  book  on 
Orchids,  many  excellent  works  on  the  fertilisation  of 
flowers,  such  as  those  by  Hildebrand,  Delpino,  AxeU, 

•  '  BotaoistiliB  Zeituug,'  186ti,  p.  129. 


INTltUDUCTDRY    REMARKS. 


CHip.  L 


and  Hermann  MuUer,*  aud  numeroua  shorter  papers, 
have  been  published.  A  list  would  occupy  several 
pages,  and  this  is  not  the  proper  place  to  give  tbeii' 
titles,  as  we  are  Dot  here  concerued  with  the  meana, 
but  with  the  rusults  of  croaa-i'ertilisation.  No  one 
who  feels  interest  in  the  mechanism  by  wliich  natiire 
effects  her  ends,  can  read  these  books  and  memoire 
without  the  moat  lively  interest. 

From  my  own  observations  on  plants,  guided  to  a 
certain  extent  by  the  experience  of  the  breeders  of 
animals,  I  became  convinced  many  years  ago  that  it 
is  a  general  law  of  nature  that  flowers  are  adapted  to 
be  crossed,  at  least  occaaioually,  by  pollen  from  a 
distinct  plant.  Sprengel  at  times  foresaw  this  law,  but 
only  partially,  for  it  does  not  appear  that  he  was  aware 
that  there  was  any  difl'erence  in  power  between  pollen 
from  the  same  plant  and  from  a  distinct  plant  In  the 
introduction  to  his  book  (p.  4)  he  says,  as  the  sexes 
are  separated  in  so  many  flowers,  and  as  so  many  other 
flowers  are  dicbogamoiis,  "  it  appears  that  nature  has 
not  willetl  that  any  one  flower  should  be  fertilised  by 
its  own  pollen."  Nevertheless,  he  was  far  from  keeping 
this  conclusion  always  before  his  mind,  or  he  did  not 


L  subject.    £ 

^^       that  of  oil 


•  Sir  John  Lubbock  hra  given 
an  interestiiig  Buiomary  of  tba 
Tbole  Bubject  in  bis  '  British  Wild 
Flowers  conaidcred  in  relation  to 
Inseota,'  ISTfi.  Hemuiuu  MiiUer'B 
work  '  Die  Befriielitung  dor  Blu- 
men  duTcli  loBi^litnii,'  JST8,  ouii- 
tsina    an    immeDse    nnmber     oi 


valuable  an  a  lepertoiy  witli  re- 
ferencGB  to  almost  every  tiling 
wlilch  has  been  publisbec)  oa  tbe 
subject.  His  wurk  differs  from 
that  of  aJ]  others  in  Bjiei'ifymg 
vhat  kinds  of  insects,  bs  far  as 


known,  visit  the  Itowers  of  each 
speoiea.  Be  likewise  enters  on 
new  ground,  b;  showing  not  only 
tiiat  flowers  are  adapted  for  thou 
own  good  to  tbe  visits  of  certain 
insect^ ;  but  that  the  Inaeds 
themselves  ate  exoeLentl;  adapted 
for  procuring  nectar  or  pollen 
from  certain  flowers.  The  valne 
of  H.  MtiUer'a  work  can  hardly  be 
over-estimiitcd,  and  it  is  mncli  to 
be  desired  that  it  should  be  trans- 
kted  into  English.  Beverin 
Axell's  work  is  written  in  Bwedtsli, 
so  that  I  have  not  lieen  able  to 
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see  its  full  importance,  as  may  be  perceived  by  any- 
one who  will  read  liis  observations  carefully  ;  and  he 
consequently  mistook  the  meaning  of  various  stnic- 
But  his  discoveries  are  so  numerous  and  hia 
:k  8o  excellent,  that  he  can  well  afford  to  beat  a 
amount  of  blame.  A  most  capable  judge,  H. 
MuUer,  likewise  says  :*  "  It  is  remarkable  in  how  very 
many  cases  Sprengel  rightly  perceived  that  pollen  is 
necessarily  transported  to  the  stigmas  of  other  flowers 
of  the  same  species  by  the  insects  which  visit  them, 
and  yet  did  not  imagine  that  this  transportation  was 
of  any  service  to  the  plants  themselves." 

Andrew  Knight  saw  the  truth  much  more  clearly, 
he  remarks,t  "  Nature  intended  that  a  sexual  in- 
iourse  should  take  place  between  neighbouring 
of  the  same  species."  After  alluding  to  the 
various  means  by  which  pollen  is  transported  from 
flower  to  flower,  as  far  as  was  then  imperfectly  known, 
he  adds,  "  Nature  has  something  more  in  view  than  that 
its  own  proper  males  should  I'ecundate  each  blossom." 
In  1811  Kolreuter  plainly  hinted  at  the  same  law,  as 
did  aftei-watds  another  famous  hybridiser  of  plants, 
Herbert,!  But  none  of  these  distinguished  observers 
appear  to  have  been  sufficiently  impressed  with  the 
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Die  Be&Dch(ung  dec 
i,  Hia  word! 
iirdig. 


zabl- 


.      „-l  riohtig 

erkannte,  d&sa  duich  me  Beeuoh- 
enden  iDeekten  det  Bliitlienetikub 
mjt  Notliweodigkelt  auf  die  \ar- 
baa  nodtrer  BIQtlien  deiselbsii 
Art  fibertrageu  wfid,  ohne  auf  die 
Venuatliiing  zu  kominen,  dasB  in 
dieeiT  Wirkung  der  NuUkq  dea 
laeekteiibeBUchca  fiir  die  Pflsiizeii 
idbst  RMaelit  WLiden  muase." 
''  t  '  Pbilo9opMual  TraQBEwtioiui,' 


X  Kolieutei,  *  M^il  de  1'Aoad. 
ds  St.  Petarebniirg,'  torn.  iii.  18119 
(puliliabed  1811),  p.  197.  Aftei 
sLowiiig  how  well  the  Mnlvacesa 
aie  adapted  for  orosa-fcrtiJiBatinn, 
lieaaka,  "An  id  aliqutdin  reoecsu 
halieat,  quod  hujuecumodi  Horea 
GiiQqimm  proprio  aiio  pulvere,  Bed 
aempt-r  eo  aliarum  aura  apeaiei 
impregDGDtaT,  meiito  quEeritur? 
Certe  luitnra  nil  faoit  friintni." 
Herbert,  '  Amaryllidiu^ce,  with  a 
TreatiBa  on  GrnaB-bred  Vago- 
tablea,'  1837. 
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truth  and  generality  of  the  law,  so  as  to  insist  on  it 
and  impress  their  belief  on  others. 

In  1862  I  summed  up  my  observatioiM  on  Orchids 
by  saying  that  nature  "  abhors  perpetual  self-fertilisa- 
tion." If  the  word  perpetual  bad  been  omitted,  tJie 
ftpboriara  would  have  been  false.  As  it  stands,  I 
believe  that  it  is  true,  though  perhaps  rather  too 
strongly  expressed ;  and  I  should  have  added  the 
self-evident  proposition  that  the  propagation  of  the 
species,  whether  by  self-fertilisation  or  by  cross-fertili- 
sation, or  asexually  by  buds,  stolons,  &c.  is  of  paramount 
importance.  Hermann  MuUer  has  done  excellent 
service  by  insisting  repeatedly  on  this  latter  point. 

It  often  occurred  to  me  that  it  would  be  advisable 
to  try  whether  seedlings  from  cross-fertilised  flowers 
were  in  any  way  superior  to  those  from  self-fertilised 
flowers.  But  as  no  instance  was  known  with  animals 
of  any  evil  appearing  in  a  single  generation  from  the 
closest  possible  interbreeding,  that  is  between  brothers 
and  sisters,  I  thought  that  the  same  rule  would  hold 
good  with  plants ;  and  that  it  would  be  necessary  at 
the  sacrifice  of  too  much  time  to  self-fertilise  and  inter- 
oroaa  plants  during  several  successive  generations,  in 
order  to  arrive  at  any  result.  I  ought  to  have  re- 
flected that  such  elaborate  provisions  favouring  cross- 
fertilisation,  as  we  see  in  innumerable  plants,  would 
not  have  been  acquired  for  the  sake  of  gaining  a 
distant  and  slight  advantage,  or  of  avoiding  a  distant 
and  slight  evil.  Moreover,  the  fertilisation  of  a  flower 
by  its  own  pollen  corresponds  to  a  closer  form  of  inter- 
breeding than  is  possible  with  ordinary  bi-sexual 
animals ;  so  that  an  earlier  result  might  have  been 
expected. 

I  was  at  last  led  to  make  the  experiments  recorded 
in  the  present  volume  from  the  following  circumstance, 
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For  the  Babe  of  determiriing  certain  points  with  respect 
to  inheritance,  and  without  any  thought  of  the  effects 
of  close  interbreeding,  I  raised  close  together  two 
large  beds  of  aelf-fertiliaed  and  crossed  seedlings  from 
the  same  plant  of  lAnaria  vulgaris.  To  my  siarprise, 
the  crossed  plants  when  fully  grown  were  plainly  talier 
and  more  vigorous  than  the  self-fertiliaed  ones.  Bees 
incessantly  visit  the  flowers  of  this  Linaria  and  carry 
pollen  from  one  to  the  other ;  and  if  insects  are  ex- 
cluded, the  flowers  produce  extremely  few  seeds ;  ao 
that  the  wild  plants  from  which  my  seedlings  were 
raised  must  have  been  intercrossed  during  all  previous 
generations.  It  seemed  therefore  quite  incredible  that 
the  difference  between  the  two  beds  of  seedlings  could 
have  been  due  to  a  single  act  of  self-fertilisation  ;  and 
I  attributed  the  result  to  the  self-fertilised  seeds  not 
having  been  well  ripened,  improbable  as  it  was  that  all 
should  have  been  in  this  state,  or  to  some  other 
accidental  and  inexplicable  cause.  During  the  next 
year,  I  raised  for  the  same  purpose  as  before  two  large 
beds  close  together  of  aelf-fertilised  and  crossed  seed- 
lings from  the  carnation,  Dianthus  caryopkyUvs.  This 
plant,  like  the  Linaria,  is  almost  sterile  if  insects  are 
excluded ;  and  we  may  draw  the  same  inference  as 
before,  namely,  that  the  parent-plants  must  have  been 
intercrossed  during  every  or  almost  every  previous 
generation.  Nevertheless,  the  self-fertilised  seedlings 
were  plainly  inferior  in  height  and  vigour  to  the 
crossed. 

My  attention  was  now  thoroughly  aroused,  for  I  could 

hardly  doubt  that  the  difference  between  the  two  beds 

was  due  to  the  one  set  being  the  offspring  of  crossed, 

and  the  other  of  self-fertilised  flowers.     Accordingly  I 

almost   by   hazard   two  other  plants,   which 

ippened  to  be  in  flower  in  the  greenhouse,  namelTi 


g  ana  me  o 
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Mimulm  lutem  and  Ipomcea  pmyurea,  both  of  whicli, 
Dnlike  the  Linaria  and  Dionthus,  are  highly  self- 
fertile  if  inaecta  are  excluded.  Some  flowera  on  a 
single  plant  of  both  species  were  fertilised  with  their 
own  pollen,  and  othera  were  crossed  with  pollen  from 
a  distinct  individual ;  both  plants  being  protected  by  a 
net -from  insects.  The  crossed  and  self-fertilised  seeds 
thus  produced  were  sown  on  opposite  sides  of  the  same 
pots,  and  treated  in  all  respects  alike  ;  and  the  plants 
when  fully  grown  were  measured  and  compared.  With 
both  species,  as  in  the  cases  of  the  Linaria  and 
Dianthus,  the  crossed  seedlings  were  conspicuously 
superior  in  height  and  in  other  ways  to  the  self- 
fertilised.  I  therefore  determined  to  begin  a  long 
series  of  experiments  with  various  plants,  and  these 
were  continued  for  the  following  eleven  years ;  and  we 
shall  see  that  in  a  large  majority  of  cases  the  crossed 
beat  the  self-fertilised  plants.  Several  of  the  excep- 
tional cases,  moreover,  in  which  the  crossed  plants 
were  not  victorious,  can  be  explained. 

It  should  be  observed  that  I  have  spoken  for  the 
sake  of  brevity,  and  shall  continue  to  do  so,  of  crossed 
and  self-fertilised  seeds,  seedlings,  or  plants ;  these 
terms  implying  that  they  are  the  product  of  crossed  or 
self-fertilised  flowers.  Cross -fertilisation  always  means 
a  cross  between  distinct  plants  which  were  raised  from 
seeds  and  not  from  cuttings  or  buds.  Self-fertilisation 
always  implies  that  the  flowers  in  question  were  im- 
pregnated with  their  own  pollen. 

My  experiments  were  tried  in  the  following  manner. 
A  single  plant,  if  it  produced  a  sufficiency  of  flowers,  or 
two  or  three  plants  were  placed  under  a  net  stretched 
on  a  frame,  and  large  enough  to  cover  the  plant 
(together  wifh  ihc  |)ot,  when  one  wan  used)  withont 
touching    it.     This   latter   point  is  imjHirtant,  for    if 
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the  flowers  toucb  the  net  they  may  be  cross-fertilised 
by  bees,  as  I  have  knowa  to  happen ;  and  when  the  net 
is  wet  the  pollen  may  be  injured.  I  used  at  first 
"  white  cotton  net,"  with  very  fine  meshes,  but  after- 
wards a  kind  of  net  with  meshea  one-tenth  of  an 
inch  in  diameter ;  and  this  I  found  by  experience 
effectually  excluded  all  insects  escepting  Thrips,  which 
no  net  will  exclude.  On  the  plante  thus  protected 
several  flowers  were  marked,  and  were  fertUised  with 
their  own  pollen ;  and  an  eqnal  number  on  the  same 
plants,  marked  in  a  different  manner,  were  at  the  same 
time  crossed  with  pollen  from  a  distinct  plaut.  The 
crossed  flowers  were  never  castrated,  in  order  to  make 
the  experiments  as  like  as  possible  to  what  occurs 
under  nature  with  plants  fertilised  by  the  aid  of 
insects.  Therefore,  some  of  the  flowers  which  were 
id  may  have  failed  to  be  thus  fertilised,  and 
afterwards  have  been  self-fertilised.  But  this  and 
Borne  other  sources  of  error  will  presently  be  discussed. 
In  some  few  cases  of  spontaneously  self-fertile  species, 
the  flowers  were  allowed  to  fertilise  themselves  under 
the  net ;  and  in  still  fewer  cases  uncovered  plants  were 
allowed  to  be  freely  crossed  by  the  insects  which  in- 
cessantly visited  them.  There  are  some  great  advan- 
tages and  some  disadvantages  in  my  having  occasion- 
ally varied  my  method  of  proceeding ;  but  when  there 
was  any  difference  in  the  treatment,  it  is  always  so 
stated  under  the  head  of  each  species. 

Oare  was  taken  that  the  seeds  were  thoroughly 
ripened  before  being  gathered.  Afterwards  the  crossed 
and  self-fertilised  seeds  were  in  most  cases  placed  on 
damp  sand  on  opposite  sides  of  a  glass  tumbler  covered 
by  a  glass  plate,  with  a  partition  between  the  two  lots ; 
and  the  glass  was  placed  on  the  chimney-piece  in  a 
Warm  room.     I  could  thus  observe  the  germination  o< 
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ihe  seeds.  SometimeB  a  few  would  germinate  on  one 
side  before  any  on  the  other,  and  these  were  thrown 
away.  But  as  often  as  a  pair  germinated  at  the  same 
time,  they  were  planted  on  opposite  aides  of  a  pot,  with 
a  superficial  partition  between  the  two;  and  I  thus 
proceeded  until  from  half-a-dozen  to  a  score  or  more 
seedlings  of  exactly  the  same  age  were  planted  on 
the  opposite  sides  of  several  pots.  If  one  of  the  young 
seedlings  became  sickly  or  was  in  any  way  injured, 
it  was  pulled  up  and  thrown  away,  as  well  as  ita 
antagonist  on  the  opposite  side  of  the  aame  pot. 

As  a  large  number  of  seeds  were  placed  on  the  sand 
to  germinate,  many  remained  after  the  pairs  had  been 
selected,  some  of  which  were  in  a  state  of  germination 
and  others  not  so ;  and  these  were  sown  crowded 
together  on  the  opposite  sides  of  one  or  two  rather 
larger  pots,  or  sometimes  in  two  long  rows  out  of  doors. 
In  these  cases  there  was  the  most  eevere  struggle  for 
life  among  the  crossed  seedlings  on  one  side  of  the 
pot,  and  the  self-fertilised  seedlings  on  the  other  side, 
and  between  the  two  lots  which  grew  in  competition 
in  the  same  pot.  A  vast  number  soon  perished, 
and  the  tallest  of  the  survivors  on  both  sides  when 
fully  grown  were  measured.  Plants  treated  in  this 
manner,  were  subjected  to  nearly  the  same  conditions 
as  those  growing  in  a  state  of  nature,  which  have  to 
struggle  to  maturity  in  the  midst  of  a  host  of 
competitors. 

On  other  occasions,  &om  the  want  of  time,  the  seeds, 
instead  of  being  allowed  to  germinate  on  damp  sand, 

I  were  sown  on  the  opposite  aides  of  pots,  and  the  fully 
grown  plants  measured.  But  this  plan  ia  less  accurate, 
as  the  seeds  sometimes  germinated  more  quickly  on 
one 
tot 


one  side  than  on  the  other. 
to  act  in  this  manner  with  s 


Itfl 


necessary 
species,  as  certain 
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kinds  of  seeda  would  not  germinate  well  when  exposed 
to  the  light ;  though  the  glasses  containing  them  were 
kept  on  the  chimney-piece  on  one  side  of  a  room, 
and  some  way  from  the  two  windows  which  faced 
the  N.E.* 

The  soil  in  the  pots  in  which  the  seedlings  were 
planted,  or  the  seeds  sown,  was  well  mixed,  so  as  to 
be  uniform  in  composition.  The  plants  on  the  two 
sides  were  always  watered  at  the  same  time  and  as 
equally  as  possible ;  and  even  if  this  had  not  been 
done,  the  water  would  have  spread  almost  equally  to 
both  sides,  as  the  pots  were  not  large.  The  crossed 
and  self-fertilised  plants  were  separated  by  a  super- 
ficial partition,  which  was  always  kept  directed  towards 
the  chief  source  of  the  light,  so  that  the  plants  on  both 
sides  were  equally  illuminated.  I  do  not  believe  it 
possible  that  two  sets  of  plants  could  have  been  sub- 
jected to  more  closely  similar  conditions,  than  were 
my  crossed  and  self-fertilised  seedlings,  as  grown  in 
the  above  described  manner. 

In  comparing  the  two  sets,  the  eye  alone  was  never 
trusted.  Generally  the  height  of  every  plant  on  both 
sides  was  carefully  measured,  often  more  than  once, 
viz.,  whilst  young,  sometimes  again  when  older,  and 
finally  when  fully  or  almost  fully  grown.  But  in 
some  cases,  which  are  always  specified,  owing  to  the 
want  of  time,  only  one  or  two  of  the  tallest  plants  on 
each  side  were  measured.  This  plan,  which  is  not  a 
good  one,  was  never  followed  (except  with  the  crowded 


•  This  oocmiEd  in  the  plainest  speoics  germinated  on  the  bore 

um&r  with  the  eeeda  of  Papaver  sand,  tliongh  left  Lhete  for  eonie 

gum  and  DeMiiniuia  eoamlida,  nueks :  but  when  theee  Biiuie  needs 

J   less   plainly   with  those   of  were  plocc'd  on  earth  in  pola,  and 

Umia  K'tHralie  nnd  OnonUmintt-  ooveiud  with  a  thin  layer  of  Band, 

lima,     Horely  more  than  una  tlie;  gorminiited  inunediiitelj  in 

two  of  the  Beedii  of  these  fbui  luge  niunlxirs. 


14 


INTBODDOTORY   BEUABEa 


plants  raised  from  the  seeds  remaining  after  the  pairs 
had  been  planted)  unless  the  tallest  plants  on  each 
aide  seemed  lairly  to  represent  the  average  difference 
between  those  on  both  sides.  It  has,  however,  some 
great  advantagea,  as  sickly  or  accidentally  injured 
plants,  or  the  offspring  of  ill-ripened  seeds,  are  thus 
eliminated.  When  the  tallest  plants  alone  on  each  side 
were  measured,  their  average  height  of  course  exceeds 
that  of  all  the  plants  on  the  same  side  taken  together. 
But  ir_  the  case  of  the  much  crowded  plants  raised 
from  the  remaining  seeds,  the  average  height  of  the 
tallest  plants  was  less  than  that  of  the  plauts  in  pairs, 
owing  to  the  unfavourable  conditions  to  which  they 
were  subjected  from  being  greatly  crowded.  For  our 
purpose,  however,  of  the  comparison  of  the  crossed  and 
self-fertilised  plants,  their  absolute  height  signifies 
little. 

As  the  plants  were  measured  byao  ordinary  English 
standard  divided  into  inches  and  eighths  of  an  inch,  I 
have  not  thought  it  worth  while  to  change  the  frac- 
tions into  decimals.  The  average  or  mean  heights 
were  calculated  in  the  ordinary  rough  method  by 
adding  up  the  measurements  of  all,  and  dividing  the 
product  by  the  number  of  plants  measured ;  the  result 
being  here  given  in  inches  and  decimals.  As  the 
different  species  grow  to  various  heights,  I  have  always 
for  the  sake  of  easy  compar^on  given  in  addition  the 
average  height  of  the  crossed  plants  of  each  species 
taken  as  100,  and  have  calculated  the  average  height 
of  the  self-fertilised  plant  in  relation  to  this  standard. 
With  respect  to  the  crowded  plants  raised  from  the 
seeds  remaining  after  the  pairs  had  been  planted, 
and  of  which  only  some  of  the  tallest  on  each  side 
were  measured,  I  have  not  thought  it  worth  while  to 
complicate  the  results  by  giving  separate   averages 
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them  and  for  the  pairs,  but  have  added  up  all 
their  heights,  and  thna  obtained  a  single  average. 

I  long  doubted  whether  it  was  worth  while  to  give 
the  measurements  of  each  separate  plant,  but   have 
difcided  to  do  so,  in  order  that  it  may  be  seen  that  the 
superiority  of  the  crossed  plants  over  the  self-fertilised, 
IS  not  commonly  depend  on  the  presence  of  two  or 
extra  line  plants  on  the  one  aide,  or  of  a  few 
■y  poor  plants  on  the  other  sidii.     Although  several 
observers  have  insisted  in  general  terms  on  the  off- 
spring from  intercrossed  varieties   being   superior  to 
either  parent-form,  no  precise  measurements  have  been 
;iven  ;■  and   I   have    met  with   no   observations   on 
effects  of  crossing  and   self-fertilising  the  indi- 
idnals  of  the  same  variety.    Moreover,  experiments  of 
this  kind  require  so  much  time — mine  having  been 
continued    during    eleven  years — that   they  are   not 
likely  soon  to  be  repeated. 

As  only  a  nioJorate  number  of  crossed  and  self- 
tised  plants  were  measured,  it  was  of  great  impor- 
ice  to  me  to  learn  how  far  the  averages  were  trust- 
irthy.  I  therefore  asked  Mr.  Galton,  who  has  had 
much  experience  in  statistical"  researches,  to  exandne 
some  of  my  tables  of  measurements,  seven  in  number, 
namely,  those  of  Ipomoea,  Digitalis,  Keseda  In  tea, 
Viola,  Limnauthes,  Petunia,  and  Zea.  I  may  premise 
that  if  we  took  by  chance  a  dozen  or  score  of  men 
belonging  to  two  nations  and  measured  them,  it  would 
I  presume  be  very  rash  to  form  any  judgment  from 
siicli  small  numbers  on  their  average  heights.  But 
the  case  is  somewhat  different  with  my  crossed  and 
self-fertilised  plauts,  aa  they  were  of  exactly  the  same 


A  snininar;  of  these  atnte-  aoi  Planta  uuJit  DaioeaiiiAtlon, 
'  I,  with  refercnoi'ij,  may  bo  oliap.  ivlL,  :;uil  L-dit.,  1^75.  vol 
in  ujr '  VuriatiDa  nf  Animala      H.  p.  lO'i. 
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age,  were  subjected  &om  £rat  to  last  to  the  same 
coDditions,  and  were  descended  £rom  the  same  parents. 
When  only  from  two  to  six  pairs  of  plants  were 
measured,  the  results  are  manifestly  of  little  or  no 
value,  except  in  so  &r  as  they  confirm  and  are  con- 
firmed by  experiments  made  on  a  larger  scale  with 
other  species.  I  will  now  give  the  report  on  the  seven 
table-s  of  measurements,  which  Mr.  Galton  has  had  the 
great  kindness  to  draw  up  for  me. 

"  I  have  examined  the  measuremeute  of  the  plants  with  core, 
and  by  man;  etatietical  methods,  to  find  ont  how  far  the  means 
of  the  several  aete  lepresent  constant  realities,  such  as  would 
come  out  the  same  so  long  as  the  general  conditions  of  growth 
lemained  unaltered.  The  principal  methods  that  were  adopted 
are  easily  explained  h;  selecting  one  of  the  shorter  series 
of  plants,  say  of  Z«a  mayt,  for  an  eiampla" 


2eo  may»  (t/oung  planU). 

A«r.-conlBlb,Hr.Urwin. 
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163 

~H 
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16 
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"The  obserrfttions  as  I  received  iliem  are  shown  in  ooliuniifl  II, 
and  III.,  where  they  certainly  have  uojji'/nid  fieie  uppeorance  of 
rogiilarity.  But  as  soon  as  we  arrange  them  in  the  order  of 
their  magnitudoBj  as  in  columns  IV.  and  V.,  the  case  ia  matorially 
altered  We  now  see,  with  few  eseeptions,  tliat  the  largest 
plant  on  the  crossed  side  in  each  pot  escoeda  the  largest  plant 
on  the  self-fertilised  aide,  that  the  second  exceeds  the  second, 
the  third  the  third,  and  so  on.  Ont  of  the  fifteen  cases  in  the 
table,  there  are  only  two  exceptions  to  this  rule.  We  may 
therefore  confidently  iifHnn  that  a  eressed  series  will  always 
be  found  to  exceed  a  self-fertilised  series,  within  the  range  of 
the  conditions  nnder  whioli  the  present  eiperiment  has  been 

I  ■'Next  as  regards  the  numerical  estimate  of  this  excess.  The 
ton  Tftlues  of  the  aoveral  gixinps  are  so  discordant,  as  is  shown 
in  the  table  jnst  given,  that  a  fairly  precise  nnmerical  estimate 
seems  impossible.  But  the  consideration  arises,  whether  the 
difference  between  pot  and  pot  may  not  be  of  much  the  simie 
order  of  importance  as  that  of  the  other  conditions  upon  which 
the  growth  of  tho  pianta  has  been  modified.  If  so,  and  only 
on  that  condition,  it  woald  follow  that  when  all  the  meaBnre- 
ments,  either  of  the  crossed  or  the  self-fertilised  plants,  were 
combined  into  a  single  serits,  that  series  would  be  statistically 
regular.  The  experiment  is  tried  in  columns  VII.  and  VIII., 
where  tho  regularity  is  abundantly  clear,  and  jnetifies  its  in 
considering  its  mean  aa  perfectly  reliable.  I  have  protractoil 
these  muftsurements,  and  revised  them  in  tho  usaal  way,  by 
dmwing  a  curvu  through  them  with  a  free  hand,  but  tlm  rc- 
I  viaion  barely  modiliea  the  mians  dorivoil  from  the  oiigina] 

^^Httserratioiia.  In  the  present,  and  in  nearly  all  the  otl^cr  cacos, 
^^^H^B  diRerence  between  the  original  and  revised  means  is  nndet 
^^^^nei  cent,  of  their  value.    It  is  a  very  ronuirkable  coincidence 
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that  in  the  seyen  kinds  of  plants,  whose  measurements  I  have 
examined,  the  ratio  between  the  heights  of  the  crossed  and  of 
the  self-fertilised  ranges  in  five  cases  within  very  narrow  limits. 
In  Zea  mays  it  is  as  100  to  84,  and  in  the  others  it  ranges 
between  100  to  76  and  100  to  86." 

"  The  determination  of  the  variability  (measured  by  what  is 
technically  called  the  *  probable  error ')  is  a  problem  of  more 
delicacy  than  that  of  determining  the  means,  and  I  doubt,  after 
making  many  trials,  whether  it  is  possible  to  derive  useful 
conclusions  from  these  few  observations.  We  ought  to  havo 
measurements  of  at  least  fifty  plants  in  each  case,  in  order  to 
be  in  a  position  to  deduce  fair  results.  One  fact,  however, 
bearing  on  variability,  is  very  evident  in  most  cases,  though  not. 
in  /ea  mays,  viz.,  that  the  self-fertilised  plants  include  the 
larger  number  of  exceptionally  small  specimens,  while  the 
crossed  are  more  generally  full  grown." 

"  Those  groups  of  cases  in  which  measurements  have  been 
made  of  a  few  of  the  tallest  plants  that  grew  in  rows,  each  of 
which  contained  a  multitude  of  plants,  show  very  clearly  that 
the  crossed  plants  exceed  the  self-fertilised  in  height,  but  they 
do  not  tell  by  inference  anything  about  their  respective  mean 
values.  If  it  should  happen  that  a  series  is  known  to  follow 
the  lay  of  error  or  any  other  law,  and  if  the  number  of  indi- 
viduals in  the  series  is  known,  it  would  be  always  possible  to 
reconstruct  the  whole  series  when  a  fragment  of  it  has  been 
given.  But  I  find  no  such  method  to  be  applicable  in  the 
present  case.  The  doubt  as  to  the  number  of  plants  in  each  row 
is  of  minor  importance ;  the  real  difficulty  lies  in  our  ignorance 
of  the  precise  law  followed  by  the  series.  The  experience  of 
the  plants  in  pots  does  not  help  us  to  determine  that  law, 
because  the  observations  of  such  plants  are  too  few  to  enablo 
us  to  lay  down  more  than  the  middle  terms  of  the  series  to 
which  they  belong  with  any  sort  of  accuracy,  whereas  the  cases 
we  are  now  considering  refer  to  one  of  its  extremities.  There 
are  other  special  difficulties  which  need  not  be  gone  into,  as  tho 
one  already  mentioned  is  a  complete  bar." 

Mr.  Galton  sent  me  at  the  same  time  graphical 
representations  which  he  had  made  of  the  measure- 
ments, and  they  evidently  form  fairly  regular  curves. 
He  appends  the  words  "  very  good  "  to  those  of  Zea  and 
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Limnanthes,  He  also  calculated  the  average  height 
of  the  crossed  and  self-fertilised  plants  in  the  seven 
tables  by  a  more  correct  method  than  that  followed 
by  me,  namely,  by  including  the  heights,  as  estimated 
in  accordance  with  statistical  rules,  of  a  few  plants 
which  died  before  they  were  measured;  whereas  I 
merely  added  up  the  heights  of  the  survivors,  and 
divided  the  sum  by  their  number.  The  difference  in 
our  results  is  in  one  way  highly  satisfactory,  for 
the  average  heights  of  the  self-fertilised  plants,  as 
deduced  by  Mr.  Galtoii,  is  leas  than  mine  in  all  the 
cases  excepting  one,  in  which  our  averages  are 
the  same ;  and  this  shows  that  I  have  by  no  means 
exaggerated  the  superiority  of  the  crossed  over  the 
self-fertilised  plants. 

After  the  heights  of  tlie  crossed  and  aelf-fertiliaed 
plants  had  been  taken,  they  were  sometimes  cut  down 
close  to  the  ground,  and  an  equal  number  of  both 
weighed.  This  method  of  comparison  gives  very 
striking  results,  and  I  wish  that  it  had  been  oftener 
followed.  Finally  a  record  was  often  kept  of  any 
marked  difference  in  the  rate  of  germination  of  the 
crossed  and  self-fertilised  seeds, — of  the  relative  periods 
of  flowering  of  the  plants  raised  from  them, — and  of 
their  productiveness,  that  is,  of  the  number  of  seed- 
capsules  which  they  produced  and  of  the  average 
number  of  seeds  which  each  capsule  contained. 

t  When  I  began  my  experiments  I  did  not  intend  to 
ise  crossed  and  self -fertilised  plants  for  more  than  a 
i&gle  generation;  but  as  soon  as  the  plants  of  the 
nt  generation  were  in  flower  I  thought  that  I  would 
B  one  more  generation,  and  acted  in  the  following 
Several  flowers  on  one  or  more  of  the  eelf- 
CtUised  plants  were  again  self-fertilised  ;  and  several 
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flowers  on  one  or  more  of  the  crossed  plants  were  ferti- 
lised with  pollen  from  another  crossed  plant  of  the 
same  lot.  Having  thus  once  begun,  the  same  method 
was  followed  for  as  many  as  ten  successive  generations 
with  some  of  the  species.  The  seeds  and  seedlings  were 
ahvays  treated  in  exactly  the  same  manner  as  already 
described.  The  self-fertilised  plants,  whether  originally 
descended  from  one  or  two  mother-plants,  were  thus  in 
each  generation  as  closely  interbred  as  was  possible ; 
and  I  could  not  have  improved  on  my  plan.  But 
instead  of  crossing  one  of  the  crossed  plants  with 
another  crossed  plant,  I  ought  to  have  crossed  the  self- 
fertilised  plants  of  each  generation  with  pollen  taken 
from  a  non-related  plant — that  is,  one  belonging  to  a 
distinct  family  or  stock  of  the  same  species  and  variety. 
This  was  done  in  several  cases  as  an  additional  experi- 
ment, and  gave  very  striking  results.  But  the  plan 
usually  followed  was  to  put  into  competition  and 
compare  intercrossed  plants,  which  were  almost  always 
the  offspring  of  more  or  less  closely  related  plants,  with 
the  self-fertilised  plants  of  each  succeeding  genera- 
tion ; — all  having  been  grown  under  closely  similar 
conditions.  I  have,  however,  learnt  more  by  this  method 
of  proceeding,  which  was  begun  by  an  oversight  and 
then  necessarily  followed,  than  if  I  had  always  crossed 
the  self-fertilised  plants  of  each  succeeding  generation 
with  pollen  from  a  fresh  stock. 

I  have  said  that  the  crossed  plants  of  the  successive 
generations  were  almost  always  inter-related.  When 
the  flowers  on  an  hermaphrodite  plant  are  crossed 
with  pollen  taken  from  a  distinct  plant,  the  seedlings 
thus  raised  may  be  considered  as  hermaphrodite  brothers 
or  sisters  ;  those  raised  from  the  same  capsule  being  as 
close  as  twins  or  animals  of  the  same  litter.  But  in 
one  sense  the  flowers  on  the  same  plant  are  distinct 
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individuals,  and  as  several  flowers  on  the  mother-plant 
were  crossed  by  pollen  taken  from  several  flowers  on 
the  father-plant,  such  seedlings  would  be  in  one  sense 
half-brothers  or  sisters,  but  more  closely  related  than 
are  the  half-brothers  and  sisters  of  ordinary  animals. 
The  flowers  on  the  mother-plant  were,  however,  com- 
monly crossed  by  pollen  taken  from  two  or  more  dis- 
tinct plants ;  and  in  these  cases  the  seedlings  might 
be  called  with  more  truth  half-brothers  or  sisters. 
When  two  or  three  mother-plants  were  crossed,  as  often 
happened,  by  pollen  taken  from  two  or  three  father- 
plants  (the  seeds  being  all  intermingled),  some  of  the 
seedlings  of  the  first  generation  would  be  in  no  way 
related,  whilst  many  others  would  be  whole  or  half- 
brothers  and  sisters.  In  the  second  generation  a  large 
number  of  the  seedlings  would  be  what  may  be  called 
whole  or  half  first-cousins,  mingled  with  whole  and 
half-brothers  and  sisters,  and  with  some  plants  not  at 
all  related.  So  it  would  be  in  the  succeeding  genera- 
tions, but  there  would  also  be  many  cousins  of  the 
second  and  more  remote  degrees.  The  relationship  will 
thus  have  become  more  and  more  inextricably  complex 
in  the  later  generations ;  with  most  of  the  plants  in 
t«ome  degree  and  many  of  them  closely  related. 
'  I  have  only  one  other  point  to  notice,  but  this  is  one 
"T  the  highest  importance ;  namely,  that  the  crossed 
id  self-fertilised  plants  were  subjected  in  the  same 
feneration  to  aa  nearly  similar  and  uniform  conditions  as 
was  possible.  In  the  successive  generations  they  were 
exposed  to  slightly  different  conditions  as  the  seasons 
varied,  and  they  were  raised  at  different  periods.  But 
iu  other  respects  all  were  treatetl  alike,  being  grown 
in  pots  in  the  same  artificially  prepared  soil,  being 
^K,  witered  at  the  same  time,  and  kept  close  together 
^^^HH  the    same    greenhouse  or   hothouse.     They   were  ^ 
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therefore  not  exposed  during  successive  years  to  such 
great  vicissitudes  of  climate  as  are  plants  growing  out 
of  doors. 

On  some  apparent  and  real  Causes  of  Error  in  my  Ex- 
perimenis. — It  has  been  objected  to  such  experiments 
as  mine,  that  covering  plants  with  a  net,  although  only 
for  a  short  time  whilst  in  flower,  may  affect  their  health 
and  fertility.  I  have  seen  no  such  effect  except  in  one 
instance  with  a  Myosotis,  and  the  covering  may  not 
then  have  been  the  real  cause  of  injury.  But  even  if 
the  net  were  slightly  injurious,  and  certainly  it  was  not 
so  in  any  high  degree,  as  I  could  judge  by  the  appear- 
ance of  the  plants  and  by  comparing  their  fertility  with 
that  of  neighbouring  uncovered  plants,  it  would  not 
have  vitiated  my  experiments ;  for  in  all  the  more  im- 
portant cases  the  flowers  were  crossed  as  well  as  self- 
fertilised  under  a  net,  so  that  they  were  treated  in  this 
respect  exactly  alike. 

As  it  is  impossible  to  exclude  such  minute  pollen- 
carrying  insects  as  Thrips,  flowers  which  it  was  intended 
to  fertilise  with  their  own  pollen  may  sometimes  have 
been  afterwards  crossed  with  pollen  brought  by  these 
insects  from  another  flower  on  the  same  plant ;  but  as 
we  shall  hereafter  see,  a  cross  of  this  kind  does  not 
produce  any  effect,  or  at  most  only  a  slight  one.  When 
two  or  more  plants  were  placed  near  one  anothei 
under  the  same  net,  as  was  often  done,  there  is  some 
real  though  not  great  danger  of  the  flowers  which 
were  believed  to  be  self-fertilised  being  afterward? 
crossed  with  pollen  brought  by  Thrips  from  a  distinct 
plant.  I  have  said  that  the  danger  is  not  great 
because  I  have  often  found  that  plants  which  arc 
self-sterile,  unless  aided  by  insects,  remained  sterik 
when  several  plants  of  the  same  species  were  placed 
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iT  the  eiimo  net.  If,  however,  the  flowers  which 
been  presumably  self-fertilised  by  me  were  iu  any 
afterwards  crossed  by  Thrips  with  pollen  brought 
from  a  distinct  plant,  crossed  seedlings  would  have 
been  included  amongst  the  self-fertilised ;  but  it  should 
be  especially  observed  that  this  occurrence  would  tend 
diminish  and  not  to  increase  any  superiority  in 
iTerage  height,  fertility,  &c.,  of  the  crossed  over  the 
ill'-fertilised  plants. 

Afl  the  flowers  which  were  crossed  were  never  cas- 
trated, it  is  probable  or  even  almost  certain  that  I 
sometimes  failed  to  cross-fertilise  them  effectually,  and 
that  they  were  afterwards  "spontaneously  self-lertilised, 
This  would  have  been  most  likely  to  occur  with  dicho- 
gamoufl  species,  for  without  much  care  it  is  not  easy  to 

jrceive  whether  their  stigmas  are  ready  to  he  fer- 

lised  when  the  anthers  open.  But  in  all  cases, 
the  flowera  were  protected  from  wind,  rain,  and  the 
access  of  insects,  any  pollen  placed  by  me  on  the 
Btigmatic  surface  whilst  it  was  immature,  would  gener- 
ally have  remained  there  until  the  stigma  was  mature  ; 
and  the  flowers  would  then  have  been  crossed  as  was 
intended.  Nevertheless,  it  is  highly  probable  that 
flelf-fertiliaed  seedlings  have  sometimes  by  this  means 
got  included  amongst  the  crossed  seedlings.  The  effect 
would  be,  as  in  the  former  case,  not  to  exaggerate 
bnt  to  diminish  any  average  superiority  of  the  crossed 
over  the  self-fertilised  plants. 

Errors  arising  from  the  two  causes  just  named,  and 
from  others, — such  as  some  of  the  seeds  not  having 
been  thoroughly  ripened,  though  care  was  taken  U> 
avoid  this  eiTor — the  sickness  or  unperceived  injury  of 
any  of  the  plants,— will  have  been  to  a  large  extent 
jfiliminated,  iii  those  cases  in  which  many  crossed  and 

If-fertilised   plants  were   measured  and 
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struck.  Some  of  these  causes  of  error  will  also  have 
been  eliminated  by  the  seeds  having  been  allowed  to 
germinate  on  bare  damp  sand,  and  being  planted  in 
pairs;  for  it  is  not  likely  that  ill-matiued  and  well- 
matured,  or  diseased  and  healthy  seeds,  would  germi- 
nate at  exactly  the  same  time.  The  same  result  will 
have  been  gained  in  the  several  cases  in  which  only  a 
few  of  the  tallest,  finest,  and  healthiest  plants  on  each 
side  of  the  pots  were  measured. 

Kolreuter  and  Gartner*  have  proved  that  with  some 
plants  several,  even  as  many  as  from  fifty  to  sixty, 
pollen-grains  are  necessary  for  the  fertilisation  of  all 
the  ovules  in  the  ovarium.  Naudin  also  found  in 
the  case  of  Mirabilis  that  if  only  one  or  two  of  its 
very  large  pollen-grains  were  placed  on  the  stigma, 
the  plants  raised  from  such  seeds  were  dwarfed. 
I  was  therefore  careful  to  give  an  amply  suflScient 
supply  of  pollen,  and  generally  covered  the  stigma 
with  it ;  but  I  did  not  take  any  special  pains  to  place 
exactly  the  same  amount  on  the  stigmas  of  the  self- 
fertilised  and  crossed  flowers.  After  having  acted  in 
this  manner  during  two  seasons,  I  remembered  that 
Gartner  thought,  though  without  any  direct  evidence, 
that  an  excess  of  pollen  was  perhaps  injurious ;  and  it 
has  been  proved  by  Spallanzani,  Quatrefages,  and 
Newport,t  that  with  various  animals  an  excess  of  the 
seminal  fluid  entirely  prevents  fertilisation.  It  was 
therefore  necessary  to  ascertain  whether  the  fertility  of 
the  flowers  was  affected  by  applying  a  rather  small  and 
an  extremely  large  quantity  of  pollen  to  the  stigma. 
Accordingly  a  very  small  mass  of  pollen-grains  was 

*  *  Kenntiiiss     der     Befruch-       torn.  i.  p.  27. 
tang/   1844,    p.    345.      Naudin,  f  *  Transactions    Philosophical 

*  NouveUes  Archives  du  Museum,'      Soc.*  185S,  pp.  253-258. 
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placed  on  one  side  of  the  large  stigma   in  sixty-four 
flowers  of  Ipoiuosa  purpurea,  and  a  great  mass  of  poUrai 
over  the  whole  surface  of  the  stigma  in  sixty-four  other 
flowers.     In  order  to  vary  the  experiment,  half  the 
flowers  of  both  lota  were  on  plants  produced  from  self- 
fertilised   seeds,  and   the  other  half  on  plants  from 
crossed  seeds.     The  sixty-four  flowers  with  an  excess 
of  pollen  yielded  sixty-one  capsules ;  and  excluding 
four  capsules,  each  of  which  contained  only  a  single 
I  poor  seed,  the  remainder  contained  on  an  average  5-07 
jeds  per  capsule.     The  sixty-four  flowers  with  only  a 
pittle  pollen  placed  on  one  side  of  the  stigma  yielded 
ixty-three  capsules,  and  excluding  one  from  the  same 
a  as  before,  the  remainder  contained  on  an  average 
PB"129  seeds.     So  that  the  flowers  fertilised  with  little 
pollen  yielded  rather  more  capsules  and  seeds  than  did 
those  fertilised  with  an  excess ;   but  the  difference  is 
too  slight  to  be   of  any  signiiicance.     On  the  other 
rband,  the  seeds  produced  by  the  flowers  with  an  excess 
jot  pollen  were  a  little  heavier  of  the  two ;    for  170  of 
Hhera  weighed  79'67  grains,  whilst  170  seeds  from  the 
flowers  with  very  little  pollen  weighed  79  ■  20  grains. 
Both  lots  of  seeds  having  been  placed  on  damp  sand 
presented  no  difference  in  their  rate  of  germination. 
We  may  therefore  conclude  that  my  experiments  were 
not  affected  by  any  slight  difference  in  the  amount  of 
pollen  used ;  a  sufficiency  having  been  employed  in 
■  all  cases. 


The  order  in  which  oiir  subject  will  be  treated  in 
the  present  volume  is  as  follows.     A  long  series  of  ex- 

riments  will  first  be  given  in  Chapters  II.  to  VI. 
"ables  will  afterivards  be  appended,  showing  in  a  con- 
tensed  form  the  relative  heights,  weights,  and  fertility 
t  the  offspring  of  the  various  crossed  and  aelf-fertiliaod 
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species.  Another  table  exhibits  the  striking  results 
from  fertilising  plants,  which  during  several  generations 
had  either  been  self-fertilised  or  had  been  crossed 
with  plants  kept  all  the  time  under  closely  similar 
conditions,  with  pollen  taken  from  plants  of  a  distinct 
stock  and  which  had  been  exposed  to  different  con- 
ditions. In  the  concluding  chapters  various  related 
points  and  questions  of  general  interest  will  be 
discussed. 

Anyone  not  specially  interested  in  the  subject  need 
not  attempt  to  read  all  the  details;  though  they 
possess,  I  think,  some  value,  and  cannot  be  all  sum- 
marised. But  I  would  suggest  to  the  reader  to  take 
as  an  example  the  experiments  on  Ipomoea  in  Chapter 
II. ;  to  which  may  be  added  those  on  Digitalis,  Origa- 
num, Viola,  or  the  common  cabbage,  as  in  all  these 
cases  the  crossed  plants  are  superior  to  the  self- 
fertilised  in  a  marked  degree,  but  not  in  quite  the 
same  manner.  As  instances  of  self-fertilised  plants 
being  equal  or  superior  to  the  crossed,  the  experiments 
on  Bartonia,  Canna,  and  the  common  pea  ought  to  be 
read;  but  in  the  last  case,  and  probably  in  that  of 
Canna,  the  want  of  any  superiority  in  the  crossed 
plants  can  be  explained. 

Species  were  selected  for  experiment  belonging  to 
widely  distinct  families,  inhabiting  various  countries. 
In  some  few  cases  several  genera  belonging  to  the 
same  family  were  tried,  and  these  are  grouped  toge- 
ther ;  but  the  families  themselves  have  bieen  arranged 
not  in  any  natural  order,  but  in  that  which  was  the 
most  convenient  for  my  purpose.  The  experiments 
have  been  fully  given,  as  the  results  appear  to  me  of 
suflBcient  value  to  justify  the  details.  Plants  bearing 
hermaphrodite  flowers  can  be  interbred  more  closely 
than  is  possible  with  bisexual  animals,  and  are  there- 
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fore  well-fitted  to  throw  light  on  the  nature  and  extent 
of  the  good  effects  of  crossing,  and  on  the  evil  effects 
erf  close  interbreeding  or  self-fertilisation.  The  most 
important  conclusion  at  which  I  have  arrived  is  that 
the  mere  act  of  crossing  by  itself  does  no  good.  The 
good  dept-nds  on  the  individuals  which  are  crossed 
differing  slightly  in  constitution,  owing  to  their  pro- 
genitors having  been  suhjccted  during  several  genera- 
tions t<,  slightly  different  conditions,  or  to  what  we 
call  in  our  ignorance  spontaneous  variation.  This 
conclusion,  as  we  shall  hereafter  see,  is  closely  con- 
nected with  various  important  physiological  problemsj 
BHch  as  the  benefit  derived  from  slight  changes  in  tlie 
conditions  of  life,  and  this  stands  in  the  closest  con- 
nection with  life  itself.  It  throws  light  on  the  origin  of 
the  two  aeses  and  on  their  separation  or  union  in  the 
same  individual,  and  lastly  on  the  whole  subject  of 
hybridism,  which  is  one  of  the  greatest  obstacles  to  the 
general  acceptance  and  progress  of  the  great  principle 
of  evolution. 

In  order  to  avoid  misapprehension,  I  beg  leave  to 
repeat  that  throughout  this  volume  a  crossed  plant, 
seedling,  or  seed,  means  one  of  crossed  paretdaffe,  that 
is,  one  derived  from  a  flower  fertilised  with  pollen 
from  a  distinct  plant  of  the  same  species.  And  that 
a  self-fertilised  plant,  seedling,  or  seed,  means  one 
of  self-fertilised  parentage,  that  is,  one  derived  from 
a  flower  fertilised  with  pollen  from  the  same  flower, 
or  sometimes,  when  thus  stated,  from  another  flower 
on  the  same  plant 
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CHAPTER  11. 

OOMYOLVULAOBiB. 

Ipomoea  purpurea,  comparison  of  the  height  and  fertility  of  the 
crossed  and  si'lt'-fprtilised  plants  during  ten  successive  generations 
— Greater  constitutional  vigour  of  the  crossed  plants— The  effectg 
on  the  offspring  of  crossing  different  flowers  on  the  huine  plant, 
instead  of  crossing  distinct  individuals — The  effects  of  n  cross  with 
a  fresh  st  )ck — The  desr^endunts  of  the  self-feililistd  plant  named 
Hero — Summary  on  the  growth,  vigour,  and  fertility  <<f  the  suc- 
cessive crossed  and  self-fertilised  generations — Small  amount  of 
pollen  in  the  antiiers  of  the  self-fertilised  plants  of  the  Liter  genera- 
tions, and  the  sterility  of  their  first-produced  flowers — Uniform 
colour  of  the  flowers  produced  by  the  self-fertilised  plants — TJie 
advantage  from  a  cross  between  two  distinct  plants  depends  on  their 
differing  in  constitution. 

A  PLANT  of  Ipomoea  purpurea,  or  as  it  is  often  called  in 
England  the  convolvulus  major,  a  native  of  South 
America,  grew  in  my  greenhouse.  Ten  flowers  on  this 
plant  were  fertilised  with  pollen  from  the  same  flower ; 
and  ten  other  flowers  on  the  same  plant  were  crossed 
with  pollen  from  a  distinct  plant.  The  fertilisation  of 
the  flowers  with  their  own  pollen  was  superfluous,  as 
this  convolvulus  is  highly  self-fertile ;  but  I  acted  in 
this  manner  to  make  the  experiments  correspond  in  all 
respects.  Whilst  the  flowers  are  young  the  stigma 
projects  beyond  the  anthers ;  and  it  might  have  been 
thought  that  it  could  not  be  fertilised  without  the  aid 
of  humble-bees,  which  often  visit  the  flowers ;  but  as 
the  flower  grows  older  the  stamens  increase  in  length, 
and  their  anthers  brush  against  the  stigma,  which  thus 
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receives  some  pollen.  The  number  of  seeds  produced 
by  the  crossed  and  aelf-iertilised  flowers  differed  very 
little. 

Crossed  and  aelf-ferta'liaed  Bceds  obtained  in  the  above 
nuuiner  were  iillowed  to  germinate  on  damp  strnd,  and  as  often 
ns  pairs  germinntod  at  tlie  earae  time  they  were  planted  in  the 
manner  doEcribed  in  the  Introduction,  on  the  opposite  sides  of 
two  pots.  Five  pairs  were  thus  planted ;  and  all  the  remaining 
eeedB,  whether  or  not  in  a  state  of  germination,  were  planted  on 
the  opposite  sides  of  a  third  pot,  bo  that  the  yonnE  plants  on 
both  sides  were  hero  greatly  crowded  and  exposed  to  very 
severe  competition.  Bods  of  iron  or  wood  of  equal  diameter 
'Were  given  to  all  the  plants  to  twine  up;  and  as  soon  as  one  of 
etch  pair  reached  the  sammit  both  weie  measnrod.  A  single 
rod  was  placed  on  each  side  of  the  crowded  pot,  No.  III.,  and 
only  the  tallest  plant  on  each  side  was  measured. 


Table  I.  {Fkit  O^neration.) 

ND,ofrot. 

Secdllnita  tnm      |       SoedliDgg  from 
CroBscd  I'kala.      ,  Selt-farlillBiHi  PiinU. 

1. 

871                             8S 

11. 

88 
87 

S51 

HI. 
•nredoneicbildF. 

77 

57 

Total  in  inches. 

51G 

syi 

The  average  height  of  the  six  crossed  plants  is  here  86  inches, 
wMlst  that  of  the  sii  self-ferlilised  plants  is  only  liS'GG  inches, 
eo  that  the  croKsed  plants  are  to  the  self-ferliliBcd  in  hdglit  m 
100  to  76.  It  should  he  obiserved  that  this  difference  is  not  dne 
to  a  few  of  the  crossed  plants  being  extremely  tall,  or  to  a  few  of 
tho  Relf-fertilised  being  extremely  short,  but  to  ail  the  crossed 
|dants  attaining  a  greater  height  than  their  antagonists.  The 
[laira  in  Pot  I.  wore  measured  at  two  earlier  periodM,  and 
~  sometimes  greater  and  sometimes  less  than  that 
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at  the  final  measuring.  But  it  is  an  interesting  fact,  of  which  I 
have  seen  several  other  instances,  that  one  of  the  self-fertilised 
plants,  when  nearly  a  foot  in  height,  was  half  an  inch  taller  than 
the  crossed  plant;  and  again,  when  two  feet  high,  it  was  1}  of 
an  inch  taller,  but  during  the  ten  subsequent  days  the  crossed 
plant  began  to  gain  on  its  antagonist,  and  ever  afterward  asserted 
its  supremacy,  until  it  exceeded  its  self-fertilised  opponent  by 
16  inches. 

The  five  crossed  plants  in  Pots  I.  and  11.  were  coyerod  with  a 
net,  and  produced  121  capsules ;  the  five  self-fertilised  plants 
produced  eighty-four  capsules,  so  that  the  numbers  of  capsules 
were  as  100  to  69.  Of  the  121  capsules  on  the  crossed  plants 
sixty-five  were  the  product  of  flowers  crossed  with  pollen  &om  a 
distinct  plant,  and  these  contained  on  an  average  5 '23  seeds  per 
capsule;  the  remaining  fifty-six  capsules  were  spontaneously 
self-fertilised.  Of  the  eighty-four  capsules  on  the  self-fertilised 
plants,  all  the  product  of  renewed  self-fertilisation,  fifty-five 
(which  were  alone  examined)  contained  on  an  average  4*85 
seeds  per  capsule.  Therefore  the  cross-fertilised  capsules,  com- 
pared with  the  self-fertilised  capsules,  yielded  seeds  in  tho 
proportion  of  100  to  98.  The  crossed  seeds  were  relatively 
heavier  than  the  self-fertilised  seeds.  Combining  the  above 
data  (i.e.,  number  of  capsules  and  average  number  of  contained 
seeds),  the  crossed  plants,  compared  with  the  self-fertilised, 
yielded  seeds  in  the  ratio  of  100  to  64. 

These  crossed  plants  produced,  as  already  stated,  fifty-six 
spontaneously  self-fertilised  capsules,  and  the  self-fertilised 
plants  produced  twenty-nine  such  capsules.  The  former  con- 
tained on  an  average,  in  comparison  with  the  latter,  seeds 
in  the  proportion  of  100  to  99. 

In  Pot  III.,  on  the  opposite  sides  of  which  a  large  number  of 
crossed  and  self-fertilised  seeds  had  been  sown  and  the  seed- 
lings allowed  to  struggle  together,  the  crossed  plants  had  at 
first  no  great  advantage.  At  one  time  the  tallest  crossed  was 
25^  inches  high,  and  the  tallest  self-fertilised  plants  21}.  But 
the  difierence  afterwards  became  much  greater.  The  plants  on 
both  sides,  from  being  so  crowded,  were  poor  specimens.  The 
flowers  were  allowed  to  fertilise  themselves  spontaneously  under 
a  net;  the  crossed  plants  produced  thirty-seven  capsules,  the 
self-fertilised  plants  only  eighteen,  or  as  100  to  47.  The  former 
contained  on  an  average  3*62  seeds  per  capsule;  and  the  latter 
8*38  seeds,  or  as  100  to  93.    Combining  these  data  (i.e.,  number 
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of  capsules  and  average  number  of  seeds),  the  crowded  proseed 
plants  produced  seeds  compared  with  the  self-fertilised  ns  100 
to  ia.  These  latter  seeds,  however,  were  decidedly  heavier,  a 
hundred  weighing  41 'Si  grains,  than  those  from  the  capsules 
on  the  crossedplauts,  of  which  a  hundred  weighed  36'79  grains; 
and  this  probably  was  due  to  the  fewer  capsules  horne  by  the 
solf-feiiitised  plants  having  been  better  nourished.  We  thus  see 
that  the  crossed  plants  in  this  the  first  generation,  when  grown 
under  favourable  conditions,  and  when  pown  under  unfavour- 
able conditions  from  being  much  crowded,  greatly  exceeded  in 
height,  and  in  the  number  of  capsules  produced,  and  slightly 
in  the  number  of  seeds  per  capsule,  the  self-fertilised  plants. 

Cnaied  ami  erIJ -fertilised  PiaJiU  of  the  Second  (ieneiation. — 
Flowers  on  the  crossed  plants  of  the  last  generation  (Table  I.) 
were  crossed  by  pollen  from  distinct  planta  of  the  same  genera- 
tion; and  flowers  on  the  self-fertilised  plants  were  fertilised  by 
pollen  from  the  same  flower.    The  seeds  thus  produced  were 

I treated  in  every  respect  as  before,  and  we  have  in  Table  n. 

^^■ribe  result 

'  Here  again  every  single  crossed  plant  is  taller  than  its  anta- 

gonist. The  self-fertilised  plant  in  Pot  I.,  which  ultimately 
reached  the  unusual  height  of  80$  inches,  was  for  a  lung  time 
taller  than  the  opposed  crossed  plant,  though  at  last  beaten  by 
it.  The  average  height  of  the  six  crossed  plants  is  84 '  IC  inches, 
whilst  that  of  the  six  self-fertilised  plants  is  GG'S'S  inches,  or 
M  100  to  79. 

Crotted  and  self -fertilia&lFlaiita  of  the  Third  Ofneration.Seeda 
the  crossed  plants  of  the  last  generation  (Table  II.)  again 


Tablb  II.  (Setoiid  Generation.) 

No.0,1.,. 

Cnwal  Plirrts. 

*„*.««  P.™. 

I. 

87 
83 
83 

801 

II. 

IS' 

771 

41 

TduI  iucbea. 

64)5 

89B 

32 
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Grossed^  and  from  the  self-fertiliped  plants  again  self-fertilised, 
were  treated  in  all  respects  exactly  as  before,  with  the  following 
result: — 

Table  m.  {Tliird  Generation,) 


No.  of  Pot. 

Crossed  Plants. 

Self-fertilised  Plants. 

I. 

Inches. 
74 
72 
73  J 

Inches. 
56} 
61 1 
54 

II. 

82 
81 
82 

69 
30 
66 

Total  inches. 

464-6 

• 

317-0 

Again  all  the  crossed  plants  are  higher  than  their  antagonists : 
their  average  height  is  77*41  inches,  whereas  that  of  the  self- 
fertilised  is  52-83  inches,  or  as  100  to  68. 

I  attended  closely  to  the  fertility  of  the  plants  of  this  third 
generation.  Thirty  flowers  on  the  crossed  plants  were  crossed 
with  pollen  from  other  crossed  plants  of  the  same  generation, 
and  the  twenty-six  capsules  thus  produced  contained,  on  an 
average,  4*73  seeds;  whilst  thirty  flowers  on  the  self-fertilised 
plants,  fertilised  with  the  pollen  from  the  same  flower,  produced 
twenty-three  capsules,  each  containing  4*43  seeds.  Thus  the 
average  number  of  seeds  in  the  crossed  capsules  was  to  that  in 
the  self-fertilised  capsules  as  100  to  94.  A  hundred  of  the 
crossed  seeds  weighed  43  •  27  grains,  whilst  a  hundred  of  the  self- 
fertilised  seeds  weighed  only  37  •  63  grains.  Many  of  these  lighter 
self-fertilised  seeds  placed  on  damp  sand  germinated  before  the 
crossed ;  thus  thirty-six  of  the  former  germinated  whilst  only 
thirteen  of  the  latter  or  crossed  seeds  germinated.  In  Pot  I. 
the  three  crossed  plants  produced  spontaneously  under  the  net 
(besides  the  twenty-six  artificially  cross-fertilised  capsules) 
seventy-seven  self-fertilised  capsules  containing  on  an  average 
4*41  seeds;  whilst  the  three  self-fertilised  plants  produced 
spontaneously  (besides  the  twenty-three  artificially  self-fertilised 
capsules)  only  twenty-nine  self-fertilised  capsules,  containing  on 
an  average  4  *  14  seeds.  Therefore  the  average  number  of  seeds 
in  the  two  lots  of  spontaneously  self-fertilised  capsules  was  as 
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100  to  9i.    TftTdng  into  consideratioa  tlie  numbor  of  capsuloa 

together  with  tlie  average  number  of  seeds,  the  crossed  plants 

(spontaneoosly  Belf-fertiiisod)  produced  seeds  in  comparison  with 

mihe  self-fertilised  plants  (spontaneously  solf-tertilised)  in  the 

roportion  of  100  to  33.    By  whatever  method  the  fertility  of 

e  plants  is  compared,  the  crossed  are  more  fertile  than  the 

fnlf-fertilised  plants. 

I  tried  in  several  ways  the  comparative  vigour  and  powers  of 
growth  of  the  crossed  and  self-fertilised  plants  of  this  third 
generation.  ThnSj  four  self-fertilised  seeds  which  had  just 
lated  were  planted  on  one  side  of  a  pot,  and  after  an  in- 
rval  of  fBrty-eight  hours,  four  crossed  seeds  in  the  same  state 
c  planted  on  the  opposite  side ;  and  the  pot 
iS  kept  in  the  hothouse.  I  thought  that  the  advantage  thus 
gJTen  to  the  self-fertilised  seedlings  would  have  been  so  great 
that  they  would  never  have  been  beaten  by  the  crosRed  ones. 
They  wore  not  beaten  until  all  had  grown  to  a  height  of  IS 
inches;  and  the  degree  to  which  they  wore  finally  beaten  is 
shown  in  the  following  table  (No,  IV.).  We  hero  see  that  the 
average  height  of  the  four  crossed  plants  is  76-62,  and  of  the 

|*jiip  Bolf-fertilisBd  plants  65"87  inches,  or  as  100  to  8G ;  tfaor*- 
)re  loss  than  when  both  sides  started  fair. 
T 
I      Total  inches. 


togetl 
,  (epon 

^^gtiie  s 

^^nrcpc 

^^Bnlf-fe 

I  Iti 

grow 

gene 

w 


|,Tablb  IV.  {Third  Otneratim,  the  K'/-/i:rtilised  Pla..ts  failing 
hud  a  slaH  of  foHy-eigkl  hours.') 


Cmesed  PlauU. 


Crossed  and  self-fertilised  seeds  of  the  third  generation  were 

oIbo  sown  out  of  doors  late  in  the  siunmer,  and  therefore  under 

[favourable  conditions,  and  a  single  stick  was  given  to  each 

of  plants  to  twine  up.     The  two  lots  were  sufficiently 

urate  so  as  not  to  interfere  with  each  other's  growth,  and  the 

mad  was  clear  of  weeds.    As  soon  as  they  were  killed  by  the 

&0St  (and  there  was  no  difference  in  theii  hardiness),  the 

tallest  crossed  plants  were  found  lo  be  ^  -  5  and  22  -  5  inchw, 
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whilst  the  two  tallest  self-fertilised  plants  were  only  15  and 
12*5  inches  in  height,  or  as  100  to  59. 

I  likewise  sowed  at  the  same  time  two  lots  of  the  same  seeds 
in  a  part  of  the  garden  which  was  shady  and  covered  with 
weeds.  The  crossed  seedlings  from  the  first  looked  the  most 
liealthy,  but  they  twined  up  a  stick  only  to  a  height  of  7i  inches ; 
whilst  the  self-fertilised  were  not  able  to  twine  at  all ;  and  the 
tallest  of  them  was  only  3i  inches  in  height. 

Lastly,  two  lots  of  the  same  seeds  were  sown  in  the  midst  of 
a  bed  of  candy-tuft  (Iberis)  growing  vigorously.  The  seedlings 
came  up,  but  all  the  self-fertilised  ones  soon  died  excepting  one, 
which  never  twined  and  grew  to  a  height  of  only  4  inches. 
Many  of  the  crossed  seedlings,  on  the  other  hand,  survived; 
and  some  twined  up  the  stems  of  the  Iberis  to  the  height  of 
11  inches.  These  cases  prove  that  the  crossed  seedlings 
have  an  immense  advantage  over  the  self-fertilised,  both  when 
growing  isolated  under  very  unfavourable  conditions,  and  when 
put  into  competition  with  each  other  or  with  other  plants,  as 
would  happen  in  a  state  of  nature. 

Crossed  and  seff-ftrtiUsed  Plants  of  the  Fourth  Oeneration, — Seed- 
lings raised  as  before  from  the  crossed  and  self-fertilised  plants 
of  the  third  generation  in  Table  III.,  gave  results  as  follows: — 

Table  V.  (Fourth  Generation,) 


No.  of  Pot               Groflsed  Plants. 

Seir-fertaiaed  Plants. 

I. 

Inches. 
84 
47 

Inches. 
80 
44i 

II. 

88 
59 

73} 
51 J 

III. 

82 

65i 

68 

56  i 

63 

52 

Total  inches. 

488-5 

421-0 

Here  the  average  height  of  the  seven  crossed  plants  is  69*78 
inches,  and  that  of  the  seven  self-fertilised  plants  60*14;  or  as 
100  to  86.  This  smaller  difference  relatively  to  that  in  the 
former  generations,  may  be  attributed  to  the  plants  having  been 
raised  during  the  depth  of  winter,  and  consequently  to  their  not 
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hflTing  grown  vigorously,  iis  was  shown  by  their  general  ap- 
pearanco  aud  &um  several  of  them  never  reaching  the  summits 
of  the  roda  In  Pot  II.,  one  of  the  self-fertilised  plants  was  for 
B  long  time  tsUer  b;  two  inches  than  its  opponent,  hut  was 
nltimatel;  l>eateii  hy  it,  so  that  all  the  crossed  planta  exceeded 
their  opponents  in  height.  Of  twenty-eight  capsules  produced 
by  the  crossed  plants  fertilised  by  pollen  from  a,  distinct  plant, 
each  contained  on  an  average  4 -75 seeds;  of  twenty-seven  self- 
fertiliaed  capsules  on  the  self-fertilised  plants,  each  contained 
on  an  average  4 '47  soeds;  so  that  the  proportion  of  seeds  in  the 
crossed  and  self-fertilised  capaulea  was  aa  100  to  94. 

Some  of  the  same  seeds,  from  which  the  plants  in  the  last 
Table  V.  had  been  raised,  were  planted,  after  they  hod  germi- 
nated on  damp  sand,  in  a  square  tub,  in  which  a  lai^o  Brug- 
mansia  had  long  been  growing.  The  soil  was  extremely  poor 
and  full  of  roots ;  six  crossed  seeds  wore  planted  in  one  comer, 
and  six  self-fertilised  seeds  in  the  opposite  comer.  All  the 
seedlings  from  the  latter  soon  died  excepting  one,  and  this  grew 
to  the  height  of  only  IJ  inches.  Of  the  crossed  plants  three 
anrvived,  and  they  grew  to  the  height  of  2i  inches,  but  were  not 
able  to  twine  round  a  Btiek;  nevertheless,  to  mj  anrprise,  they 
produced  some  small  miserable  flowers.  The  crossed  plantti 
thus  liad  a  decided  advantage  over  the  self-fertilised  plants 
under  this  extremity  of  bad  conditions. 

Cro^dandstV/editUed  Hunts  of  the FifiJi  Orne)v'(fo».— These 
«  raised  in  the  same  manner  as  before,  and  when  measured 

'6  the  following  results : — 

Table  VI.  (_Fi/th  General ioi,.) 


Ho.  of  Pol 

Cr^-MPUnt,, 

a^lf-ffrtliwd  PlKiU. 

L 

incba. 
96 
SB 
69 

Inches 
73 
78 
29 

11. 

84 
81 

51 
8* 

59 

Total  iBohes. 

495 -26 

374 -OO 

height  of  the  six  crossed  plants  is  82'M  inohoB, 
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and  that  of  the  six  self-fertilised  plants  62*33  inches,  or  as  100 
to  75.  Every  crossed  plant  exceeded  its  antagonist  in  height. 
In  Pot  I.  the  middle  plant  on  the  crossed  side  was  slightly 
injured  whilst  young  by  a  blow,  and  was  for  a  time  beaten  by 
its  opponent,  but  ultimately  recovered  the  usual  superiority. 
The  crossed  plants  produced  spontaneously  a  vast  number  more 
capsules  than  did  the  self-fertilised  plants ;  and  the  capsules  of 
the  former  contained  on  an  average  3*37  seeds,  whilst  those  of 
the  latter  contained  only  3  0  per  capsule,  or  as  100  to  89.  But 
looking  only  to  the  artificially  fertilised  capsules,  those  on  the 
crossed  plants  again  crossed  contained  on  an  average  4*46 
seeds,  wliilst  those  on  the  self-fertilised  plants  again  self- 
fertilised  contained  4 '77  seeds;  so  that  the  self-fertilised  cap- 
sules were  the  more  fertile  of  the  two,  and  of  this  unusual  fact 
I  can  offer  no  explanation. 

Crossfd  ahd  selfftitilised  Plants  of  the  Sixth  Generation, — 
These  were  raised  in  the  usual  manner,  with  the  following  resuli 
I  should  state  that  there  were  originally  eight  plants  on  each 
side;  but  as  two  of  the  self-fertilised  became  extremely  un- 
healthy and  never  grew  to  near  their  full  height,  these  as  well 
as  their  opponents  have  been  struck  out  of  the  list.  If  they  had 
been  retained,  they  would  have  made  the  average  height  of  the 
crossed  plants  unfairly  greater  than  that  of  the  self-fertilised. 
I  have  acted  in  the  same  manner  in  a  few  other  instances,  when 
one  of  a  pair  plainly  became  very  unhealthy. 

Table  VII   (Sixth  Generation.) 


No.  of  Pot. 

Crossed  Plants. 

Self-fertilised  Plants. 

I. 

Inches. 
93 
91 

Inches. 
50} 
65 

II. 

79 

86} 

88 

50 
87 
62 

III. 

87} 

64} 

Total  inches. 

525 

379 

The  average  height  of  the  six  crossed  plants  is  here  87  •  5,  and 
of  the  six  self-fertilised  plants  63  •  16,  or  as  100  to  72.  This  large 
difference  was  chiefly  due  to  most  of  the  plants,  especially  the 
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[f-fertilised  ones,  having  bocome  Tiiihealtiiy  towards  the  elosa 
of  thoir  growth,  and  they  were  severely  attaoked  by  aphides. 
From  this  cause  nothing  can  be  inferred  vrith  respeet  to  their 
relative  fertility.  In  this  generation  we  have  the  first  instance 
of  a  self-fertilised  plant  in  Pot  II.  osceediug  (though  only  by 
half  an  inch)  its  crossed  opponent.  This  victory  was  fairly  won 
after  a  long  strn^le.  At  first  the  eelf-fertilised  plant  was  several 
inches  taller  than  its  opponent,  hut  when  the  latter  was  41 
feet  high  it  had  grown  equal;  it  then  grow  a  little  tailer  than 
the  Belf-fertiHaed  plant,  but  was  ultimately  beaten  by  it  to  the 
extent  of  half  an  inch,  as  shown  in  the  table.  I  was  so  much 
irieed  at  this  case  that  I  saved  the  self-ferblised  Hceds  of 
plant,  which  I  will  call  the  "  Hero,"  and  e.'iperimenied  on 
descendants,  as  will  hereafter  bo  described. 

Besides  the  plants  included  in  Table  TU.,  nine  crossed  and 
nine  self-fertiiised  plants  of  the  same  lot  were  raised  in  two 
other  pots,  IV.  and  V.  These  pots  had  been  kept  in  the  hot 
house,  but  from  want  of  room  were,  whilst  the  plants  were 
yonng,  suddenly  moved  during  very  cold  weather  into  the 
coldest  part  of  the  greenhouse.  Tliey  all  suffered  greatly,  and 
never  quite  recovered.  After  a  fortnight  only  two  of  the  nine 
self- fertilised  seedlings  were  alive,  whilst  seven  of  the  crossed 
survived.  The  tallest  of  these  latter  plants  when  measured  was 
47  inches  in  height,  whilst  the  tallest  of  the  two  surviving  aelf- 
fertilised  plants  was  only  32  inches.  Here  again  we  see  how  much 
vigorous  the  crossed  plants  are  tliaa  the  self-fertilised. 

Qroaal  and  sel/-/erliliseil    I'iiinta  of  the  .^eveiilh  Oenendian. — 

were  raised  as  heretofore  with  the  following  result : — 
Table  VUL  (Seventh  Generation.) 


Nd.bTFOC. 

OroMBiPtola. 

Self-tortiUs«l  Plonlt 

L 

8*l' 

S51 

IL 

To' 

821 

65 

111. 

83 
8S 

%\ 

IV. 

Ml 

75  J 

Totil  iBcfaak 

755-50 

614-25 

88  IFOHOQA  PUBPUBEA.  Ghap.  IL 

Each  of  these  nine  crossed  plants  is  higher  than  its  opponent, 
though  in  one  case  only  by  three-quarters  of  an  inch.  Their 
average  height  is  83*94  inches,  and  that  of  the  self-fertilised 
plants  68*25,  or  as  100  to  81.  These  plants,  after  growing  to 
their  full  height,  became  very  unhealthy  and  infested  with 
aphides,  just  when  the  seeds  were  setting,  so  that  many  of  the 
capsules  failed,  and  nothing  can  be  said  on  their  relative 
fertility. 

Ci  oased  and  self-fertilised  Plants  of  the  Eighth  Generation, — ^As 
just  stated,  the  plants  of  the  last  generation,  from  which  the 
present  ones  were  raised,  were  very  unhealthy  and  their  seeds 
of  unusually  small  size;  and  this  probably  accounts  for  the  two 
lots  behaving  differently  to  what  they  did  in  any  of  the  pre- 
vious or  succeeding  generations.  Many  of  the  self- fertilised 
seeds  germinated  before  the  crossed  ones,  and  these  were  of 
course  rejected.  When  the  crossed  seedlings  in  Table  IX.  had 
grown  to  a  height  of  between  1  and  2  feet,  they  were  all,  or 
almost  all,  shorter  than  their  self-fertilised  opponents,  but  were 
not  then  measured.  When  they  had  acquired  an  average  height 
of  32 '28  inches,  that  of  the  self-fertilised  plants  was  40*68,  or 
as  100  to  122.  Moreover,  every  one  of  the  stlf-fertilised  plants, 
with  a  single  exception,  exceeded  its  crossed  opponent.  When, 
however,  the  crossed  plants  had  grown  to  an  average  height  ol 
77*56  inches,  they  just  exceeded  (viz.,  by  '7  of  an  inch)  the 
average  height  of  the  self-fertilised  plants ;  but  two  of  the  latter 
were  still  taller  than  their  crossed  opponents.  I  was  so  much 
astonished  at  this  whole  case,  that  I  tied  string  to  the  summits 
of  the  rods  ;  the  plants  being  thus  allowed  to  continue  climbing 
upwards.  When  their  growth  was  complete  they  were  un- 
twined, stretched  straight,  and  measured.  The  crossed  plants 
had  now  almost  regained  their  accustomed  superiority,  as  may 
be  seen  in  Table  IX. 

The  average  height  of  the  eight  crossed  plants  is  here  113*25 
inch(S,  and  that  of  the  self-fertilised  plants  96*65,  or  as  100  to 
85.  Nevertheless  two  of  the  self-fertilise  d  plants,  as  may  be  seen 
in  the  table,  were  still  higher  than  their  crossed  opponents. 
The  latter  manifestly  had  much  thicker  stems  and  many  more 
lateral  branches,  and  looked  altogether  more  vigorous  than  the 
self-fertilised  plants,  and  generally  flowered  before  them.  The 
earlier  flowers  produced  by  these  self-fertilised  plants  did  not 
set  any  capsules,  and  their  anthers  contained  only  a  small 
amount  of  pollen ;  but  to  this  subject  I  shall  return.    Neverthe- 


Table  IX.  {Riahth  Oe,, 

■raUim.y 

Ko.orPol.         1       C™scdPl«lH 

Self-fcrtill5«lPlu.ta. 

L 

iDdM. 

Ill  J 

m 

130] 

iKta. 

Be 

H 

S31 

IL 

97i 

B91 

m. 

103  ! 
100 1 
147  J 

115  j 
84} 
109 1 

Totid  iDchM. 

908-25 

773-25 
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leBB  capsules  produced  by  two  ot!ier  self -fertilised  plants  of  the 
same  lot,  not  included  in  Table  IX.,  which  had  lieen  highly 
fc^oured  by  being  grown  in  Beparate  pots,  contained  the  large 

Iat^  number  of  5-1  seeds  per  capaule. 
Craned  and  ndf-fenilUcd  I'limlt  of  the  Ninlh   Oneralim.— 
le  plants  of  tiiiB  generation  were  raised  in  the  same  mannor 
OS  before,  with  llie  result  shown  in  Table  X. : — 

The  fourteen  croBsed  plants  average  in  height  81-39  inches 
and  the  fourteen  self-fertihsed  plants  (i4-07,  or  as  100  to  79. 
One  Belf-fertilised  plant  in  Pot  111.  esceeded,  and  one  in  Pot  IV. 
equalled  in  height,  its  opponent.  The  self-fertilised  plants 
showed  no  sign  of  inheritiiig  the  precocious  growth  of  their 
parents;  this  having  been  due,  as  it  would  appear,  to  the 
abnormal  state  of  the  seeds  from  the  unhealthiness  of  their 
parents.  'Ibe  fourteen  Belf-fertJlised  plants  yielded  only  forty 
spontaneously  self-fertilised  capsules,  to  which  must  be  added 
seven,  the  product  of  teu  flowers  artificially  self-fertilised.  On 
the  other  hand,  the  fourteen  crossed  plants  yielded  152  spou- 
taneously  self- fertilised  capBules ;  but  thirty-six  flowers  on  these 
plants  were  crossed  (yielding  thirty-three  capsules),  and  these 
Bowers  would  probably  have  produced  about  thirty  sponta- 
neously self-fertilised  capsules.  Therefore  an  equal  number 
of  tlie  crossed  and  self-fertilised  plants  would  have  produced 

Kles  in  the  proportion  of  al>out  182  to  47,  or  as  100  to  26. 
let  phenomenon  was  well  pronounced  in  this  generation, 
believe  had  occurred  previously  to  a  slight  extent ; 
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namely,  that  most  of  the  flowers  on  the  self-fertilised  plants 
were  somewhat  monstrous.  The  monstrosity  consisted  in  the 
corolla  being  irregularly  split  so  that  it  did  not  open  properly, 
with  one  or  two  of  the  stamens  slightly  foliaoeous,  coloured, 
and  firmly  coherent  to  the  corolla.  I  observed  this  monstrosity 
in  only  one  flower  on  the  crossed  plants.  The  self-fertilised 
plants,  if  well  nourished,  would  almost  certainly,  in  a  few  more 
generations,  have  produced  double  flowers,  for  they  had  already 
become  in  seme  degree  sterile.* 

Tablx  X.  {Ninth  Generation,) 


No.  of  Pot 

Croseed  Plants. 

Self-fertilised  Plants. 

L 

Inches. 
83} 
85} 
83} 

Indies. 
57 
71 
48| 

IL 

831 
641 
64} 

45 

43t 

38} 

63 
71 
89} 

III. 

79 
88  i 
61 

IV. 

82} 
90 

82} 
761 

V. 

Crowded  plants. 

89} 
92} 
92} 

67 

741 

70 

Total  inches. 

1139-6 

897 '0 

Crossed  and  self-fertilised  Plants  of  the  Tt-nth  Chneration. — Six 
plants  were  raised  in  the  usual  manner  from  the  crossed  plants 
of  the  last  generation  (Table  X.)  again  intercrossed,  and  from 
the  self-fertilised  again  self-fertilised.  As  one  of  the  crossed 
plants  in  Pot  I.  in  the  following  table  became  much  diseased, 
having  crumpled  leaves,  and  producing  hardly  any  capsules,  it 
and  its  opponent  have  been  struck  out  of  the  table. 


*  Bee  on  this  subject '  Variation      Domesticatiou/  chap,  zviii.  2nd 
of  Animals    and    Plants    under      edit  vol.  ii.  p.  152. 
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TablkXI.  (Tenth  QttleTut 


".) 


Ho.  of  Pot. 

CroBcd  FLmtB. 

9..f-fcrUU«.PU.«. 

1. 

"I 

47  i 
34| 

11. 

87 
B9| 
105 

HI 

ToUl  in«h«. 

468-5 

252-0 

^^^^F  The  five  crossed  plants  average  9S'7  inches,  and  tbe  five  eetf- 
fortiliaed  only  50  -4,  or  as  100  to  54.  This  difference,  however, 
is  so  great  that  it  must  be  looked  at  aa  in  part  accidental.  The 
Eiz  crossed  plants  (the  diseased  one  here  incliided)  yielded  spon- 
taneoiisly  101  capsules,  and  the  six  self- fertilised  plants  88, 
the  latter  being  chieSy  produced  hy  one  of  the  plants.  But  as 
thertiseMedplant,whichyieldedhardlyanjHBed,  ishereinchided, 
the  ratio  of  101  to  88  does  not  fairly  give  the  relative  fertility  of 
the  two  lots.  The  stems  of  the  six  crossed  plants  looked  so 
much  finer  than  those  of  the  six  self-fertilised  plant*,  that  after 
the  rapBules  had  lieen  gathered  and  most  of  the  leaves  had  fallen 
off,  they  were  wwghed.  Those  of  the  crossed  plants  weighed 
2,693  grains,  whilst  those  of  the  aelf-fertilised  plants  weighed 
only  1,173  grains,  or  as  100  to  44;  but  as  the  diseased  and 
dwarfed  crossed  plant  is  here  included,  the  sujieiiority  of  the 
former  in  weight  was  really  greater. 

The  Effeda  on  the  Offspring  of  crossing  different  Flowers 
on  the  same  Plant,  instead  of  crossing  di^inct  JndividuaJs. 
— In  all  the  foregoing  experiments,  seedlings  from 
flowers  crossed  by  pollen  from  a  distinct  plant  (though 
in  the  later  generations  more  or  less  closely  related) 
were  put  into  competition  with,  and  almost  invariably 
proved  markedly  superior  in  height  to  the  offspring 
from  self-fertilised  flowers.  I  wished,  therefore,  to 
kscertain  whether  a  cross  between  two  flowers  on  tlie 
aame  plant  would  give  to  the  offspring  any  superiority 
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over  the  offspring  from  flowers  fertilised  with  their 
own  pollen.  I  procured  Bome  fresh  seed  and  raised 
two  plants,  which  were  covered  with  a  net ;  and  several 
of  their  flowers  wore  crossed  with  pollen  from  a  dis- 
tinct flower  on  the  same  plant.  Twenty-nine  capsules 
thus  produced  contained  on  an  average  4  ■86  seeds  per 
capsule;  and  100  of  these  seeds  weighed  36 "77  grains. 
Several  other  flowers  were  fertilised  with  their  own 
pollen,  and  twenty-six  capsules  thus  produced  con- 
tained on  an  average  4-42  seeds  per  capsule ;  100  of 
which  weighed  42-01  grains.  So  that  a  cross  of  this 
kind  appears  to  have  increaaed  slightly  the  number  of 
seeds  per  capsule,  in  the  ratio  of  100  to  91 ;  but  these 
crossed  seeds  were  lighter  than  the  self-fertilised  in  the 
ratio  of  86  to  100.  I  doubt,  however,  from  other 
observations,  whether  these  results  are  fully  trust- 
worthy. The  two  lots  of  seeds,  after  germinating  on 
sand,  were  planted  in  pairs  on  the  opposite  aides  of  nine 
pots,  and  were  treated  in  every  respect  like  the  plants 
in  the  previous  experiments.  The  remaining  seeds, 
some  in  a  state  of  germination  and  some  not  so,  were 
sown  on  the  opposite  sides  of  a  large  pot  (No.  X.) ; 
and  the  four  tallest  plants  on  each  side  of  this  pot 
were  measured.  The  result  is  shown  in  the  following 
table  :— 

The  average  height  of  the  thirty-one  crossed  plants  is 
73  23  inches,  and  that  of  the  thirty-one  self-fertilised 
plants  77-41  inches;  or  as  100  to  106.  Looking  to 
uach  pair,  it  may  be  seen  that  only  thirteen  of  the 
crossed  plants,  whilst  eighteen  of  the  self-fertilised 
plants  exceed  their  opponents.  A  record  was  kept  with 
respect  to  the  plant  which  flowered  first  in  each  pot ; 
and  only  two  of  the  crossed  flowered  before  one  of  the 
self-fertilised  in  the  same  pot ;  whilst  eight  of  the  self- 
fertilised   flowered   first.      It   thus    appears   that   the 
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Table  XIL 

Ho.oflML 

Cr«Hd  Plant*. 

9clf.fcrtillMHiri.nti. 

iTKba. 

Inches. 

77} 

76 

871 

II. 

84 

651 

m 

&B 

89 

87? 

rv. 

83 

73  j 

88J 

8*1 

V. 

78 

661 

761 

81 1 

VL 

701 

BO 

79  i 

saS 

VII. 

76 

77 

8*1 

831 

73| 

vm. 

73 

76 1 

83 

80  i 

IX. 

"i 

G7i 

X 

34 

Crawdwl  plants. 

82 

ft' 

36! 

as 

1 

Total  inchej. 

2270-26 

239B-76 

■ 

1 
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crossed  plants  are  slightly  inferior  in  height  and  in 
earliness  of  flowering  to  the  self-fertilised.  But  the 
inferiority  in  height  is  so  small,  namely  as  100  to  106, 
that  I  should  have  felt  very  doubtful  on  this  head, 
had  I  not  cut  down  all  the  plants  (except  those 
in  the  crowded  pot  No.  X.)  close  to  the  ground  and 
weighed  them.  The  twenty  seven  crossed  plants 
weighed  16J  ounces,  and  the  twenty-seven  self-fer- 
tilised plants  20j^  ounces;  and  this  gives  a  ratio  of 
100  to  124. 

A  self- fertilised  plant  of  the  same  parentage  as  those 
in  Table  XII.  had  been  raised  in  a  separate  pot  for  a 
distinct  purpose ;  and  it  proved  partially  sterile,  the 
anthers  containing  very  little  pollen.  Several  flowers 
on  this  plant  were  crossed  with  the  little  pollen  which 
could  be  obtained  from  the  other  flowers  on  the  same 
plant ;  and  other  flowers  were  self-fertilised.  From  the 
seeds  thus  produced  four  crossed  and  four  self-fertilised 
plants  were  raised,  which  were  planted  in  the  usual 
manner  on  the  opposite  sides  of  two  pots.  All  these 
four  crossed  plants  were  inferior  in  height  to  their 
opponents;  they  averaged  78*18  inches,  whilst  the 
four  self  fertilised  plants  averaged  84  *  8  inches  ;  or  as 
100  to  108.*  This  case,  therefore,  confirms  the  last. 
Taking  all  the  evidence  together,  we  must  conclude 
that  these  strictly  self-fertilised  plants  grew  a  little 
taller,  were  heavier,  and  generally  flowered  before 
those  derived  from  a  cross  between  two  flowers  on  the 
same  plant.  These  latter  plants  thus  present  a  won- 
derful contrast  with  those  derived  from  a  cross  between 
two  distinct  individuals. 


*  From  one  of  these  self-ferti-  an  average  only  3*2  seeds  per 

Used  plants,   spontaneously  self-  capsule;   so  that  this  plant  had 

fertilised,  I  gathered  twenty-four  apparently  inherited  8ome  of  tho 

oafMsnleS)  and  they  contained  on  sterility  of  its  parent. 
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The  Effects  on  the  Offspring  of  a  Cross  iniik  a  distinct 
or  fresh  Slock  belonging  to  the  same  Varidy. — Fi-om  the 
two  foregoing  aeries  of  experiments  ws  see,  firstly,  the 
good  effects  during  several  successive  generations  of 
a  cross  between  distinct  plants,  although  these  were 
in  some  degree  inter-related  and  bad  been  grown 
under  nearly  the  same  conditions  ;  and,  secondly,  the 
absence  of  all  such  good  effects  from  a  cross  between 
flowers  on  the  same  plant ;  the  comparison  in  both 
cases  being  made  with  the  offspring  of  flowers  fertilised 
witli  their  own  pollen.  The  experiments  now  to  be 
given  show  how  powerfully  and  beneficially  plants, 
which  have  been  intercrossed  during  many  successive 
generations,  having  been  kept  all  the  time  under 
nearly  uniform  conditions,  are  alTected  by  a  cross  with 
another  plant  belonging  to  the  same  variety,  but  to  a 
distinct  iamily  or  stock,  which  had  grown  under  dif- 
ferent conditions. 

Several  flowers  on  the  crossed  plants  of  the  ninth  generation 
in  Table  X.,  were  crossed  with  pollen  from  another  ctosBed  plant 
of  the  same  lot.  The  Beedlinga  thus  raised  formed  the  tenth 
intercrossed  generation,  and  I  will  call  them  the  "  intercroeaed 
phnb."  Several  other  flowers  on  the  same  crOBsed  plants  of 
the  ninth  generation  were  fertilised  (not  having  been  castrated) 
with  pollen  taken  from  plants  of  the  same  variety,  but  belonging 
to  a  distinct  family,  which  had  been  grown  in  a  distant  garden 
at  Colchester,  and  therefore  under  somewhat  diflerent  conditionB. 
The  capsules  produced  by  this  cross  contained,  to  my  sarprise, 
fewer  uid  lighter  seeds  than  did  the  capsules  of  the  intercrossed 
plants;  but  this,  I  think,  mnst  hare  been  accidental.  The  seed- 
lings raised  from  them  I  will  call  the  "  Coich^stT-c.ottcd."  The 
two  lots  of  seeds,  after  germinating  on  sand,  were  planted  in 
the  usual  manner  on  the  opposite  sides  of  live  pote,  and  the 
remaining  seeds,  whether  or  not  in  a  8t«te  of  germination, 
were  thickly  sown  on  the  opposite  sides  of  a  very  large  pot, 
in  Table  XUL  In  three  of  the  six  pots,  after  tba 
Lg  plitnta  hod  twined  a  short  way  up  their  sticks,  one  of  the 
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Golchester-orossed  plants  was  much  taller  than  any  one  of 
the  intercrossed  plants  on  the  opposite  side  of  the  same  pot ; 
and  in  the  three  other  pots  somewhat  taller.  I  should  state 
that  two  of  the  Colchester-crossed  plants  in  Pot  FV.,  when 
about  two-thirds  grown,  became  much  diseased,  and  were, 
together  with  their  intercrossed  opponents,  rejected.  The 
remaining  nineteen  plants,  when  almost  fully  grown,  were 
measured,  with  the  following  result : — 


Table  XTTT. 


No.  of  Pot. 

Colchester-crossed 
Plants. 

Intercrossed  Plants  of 
the  Tenth  Generation. 

I. 

Inches. 
87 
87  j 
851 

Inches. 
78 
68] 
94| 

60 

871 

451 

II. 

93  f 
85 1 
90 1 

ni. 

84] 
921 
85 

701 
81 ! 
861 

IV. 

95 1 

65} 

85  f 
63 
62  f 

V. 

901 
86; 
84 

VI. 

Crowded  plants  in  a 

very  large  pot. 

901 

75 

71 

839 

63 

65 

48| 

39f 

301 

86 

53 

48f 

Total  inches. 

1596-50 

1249-75 

In  sixteen  out  of  these  nineteen  pairs,  the  Colchester-crossed 
plant  exceeded  in  height  its  intercrossed  opponent.  The  average 
height  of  the  Golchester^rossed  is  84*03  inches,  and  that  of 
016  intercrossed  65*78  inches;  or  ^  IQO  to  78.    With  respect 
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to  the  fertility  of  the  two  lots,  it  was  too  troublesome  to  collect 
and  oount  the  ca{i8ules  on  all  the  plants ;  so  1  selecb?d  two  of 
the  heet  pots,  V.  and  VL,  and  in  these  the  OolcheBter-erossed 
produced  26^  mature  and  half-mature  capsules,  whilst  an  equal 
number  of  the  intercroseed  plants  produced  only  154  capsules ; 
or  as  100  to  57,  By  weight  the  capBulee  from  the  Coichester- 
orosrod  plants  were  to  those  from  the  intercrossed  plants  as 
100  to  51 ;  so  that  the  former  probably  contained  a  Gomewbnt 
loi^ier  average  mimber  of  seeds. 

We  learn  from  this  important  experiment  that 
plants  in  some  degree  related,  which  had  been  inter- 
crossed during  the  nine  previous  generations,  when  they 
were  fertilised  with  pollen  from  a  fresh  stock,  yielded 
eeedlinga  as  superior  to  the  seedlings  of  the  tenth 
intercrossed  generation,  as  these  latter  were  to  the  self- 
fertilised  plants  of  the  corresponding  generation.  For 
if  we  look  to  the  plants  of  the  ninth  generation  in 
Table  X,  (and  these  offer  in  most  respects  the  fairest 
standard  of  comparison)  we  And  that  the  intercrossed 
plants  were  in  height  to  the  self-fertilised  as  100  to  79, 
and  in  fertility  as  100  to  26 ;  whilst  the  Colchester- 
crossed  plants  are  in  height  to  the  intercrossed  as  100 
to  78,  and  in  fertility  as  100  to  51. 


'ITie  Detcetidants  of  the  telf-fertilised  I'lavt,  named  Eero,  which 
app  ared  in  Iht  Sixlh  eel/-/ertilued  Oeneration.—In  the  five  genera- 
tions before  the  sixth,  the  crossed  plant  of  each  pair  was  taller 
than  its  self-fertihsed  opponent ;  but  in  the  sixth  generation 
(Tttbie  Vn.,  I'ot  II.)  the  Hero  appeared,  which  after  a  long  and 
dubious  struggle  conquered  ite  crossed  opponent,  though  by 
only  half  an  inch.  I  was  so  much  surprised  at  this  fact,  that 
[  reeolved  to  ascertain  whether  this  plant  would  transmit 
its  powers  of  growth  to  its  seedlingB.  Several  flowers  on 
Eero  were  therefore  fertilised  with  their  own  pollen,  and  the 
seedlings  thuB  raised  were  put  into  competition  with  self-fiu"- 
tjlieed  and  intercrossed  plants  of  the  corresponding  generatioD 
Xho  three  lots  of  seedlings  thus  all  belong  io  the  seventh  Kene 
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tion.    Their  relative  heighiB  nre  shown  in  the  two  IbUowing 
tables : — 

Table  XIV. 


I^cofFoC. 

Self-fertilised  Plants 
of  the  Seventh  Gene- 
ration, Children  of 
Hero. 

Inches. 
74 
60 
55] 

92 

91 ; 

74| 

Self-fertilised  Plants 

of  the  Seventh  Qene- 

ration. 

I. 

Inches. 
89 1 
61 
49 

II. 

82 
56 
38 

Total  inches. 

447-25 

875 -60 

The  average  height  of  the  six  self-fertilised  children  of  Hero 
is  74: '54  inches,  whilst  that  of  the  ordinary  self-fertilised  plants 
of  the  corresponding  generation  is  only  62*58  inches,  or  as  100 
to  84. 

Table  XV. 


No.  of  Pot. 

Self-fertiliiied  Plants 
of  the  SevenUi  Gene- 
ration, Children  of 
Hero. 

Intercrossed  Plants  of 
the  Seventh  Gene- 
ration. 

III. 

Inches. 
92 

Inches. 
76 1 

IV. 

87 
87 1 

89 
80  f 

Total  inches. 

266-75 

252-50 

Here  the  average  height  of  the  three  self-fertilised  children  of 
Hero  is  88*91  inches,  whilst  that  of  the  intercrossed  plants  is 
84*16;  or  as  100  to  95.  We  thns  see  that  the  self-fertilised 
children  of  Hero  certainly  inherit  the  powers  of  growth  of  their 
parents;  for  they  greatly  exceed  in  height  the  self-fertilised 
oflfepring  of  the  other  self-fertilised  plants,  and  even  exceed 
by  a  trifle  the  intercrossed  plants, — all  of  the  corresponding 
generation. 
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Sevei-aJ  flowers  on  the  self-fertilised  children  of  Heroin  Table 

ire  fartiliaed  with  pollen  from  the  stirae  flower;  and  from 

i  seeds  thuB  produced,  eel  f- fertilised  plants  of  the  eighth 

I  jwnerolioii  (graud-chilUrea  of  Hero)  were  raised.    Several  other 

flowers  on  the  eame  plants  nere  crossed  with  pollen  from  the  other 

children  of  Hero.    'X'be  eeedUnga  raised  from  this  cross  raa;  be 

considered  as  the  offspring  of  the  anion  of  brothers  and  sisters. 

.  The  result  of  the  competition  between  these  two  sets  of  seedlings 

Lfnamely  self-fertiliaed  and  the  o&pring  of  brothers  and  aisters) 

la  given  in  the  following  table  :-^ 

Tablb  XVI. 


...,P.. 

dill'drcD  of  Hrro, 
CblMti^n.    BigUlh 

Uaa.    ElBhlS  Gene. 

L 

InchM, 

551 

Inches. 
tl5J 

IL 

66 
771 

85 

93 

m. 

841 

82 

IV. 

II' 

78j 

V. 

90  i 
90i 

82  J 

ToWl  inches. 

1037-00 

B73-1B 

^  The  average  height  of  the  thirte<!n  self-fertilised  granduliildren 

F  Hero  is  7d'76  inches,  and  that  of  the  grandchildren  from  a 

IB  botwoon  the  self-fertilised  children  is  74  ■  85 ;  or  as  100  to  9i. 

0  Pot  IV.  one  of  the  crossed  plants  grew  only  to  a  lieight  of 
1  inches ;  and  if  this  plant  and  its  opponent  are  struck  out,  as 

1  be  the  fairest  plan,  the  average  height  of  the  crossed 
a  exceeds  onl;  by  a  fiiiction  of  an  inch  that  of  the  self-ferti- 
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liaed  planta.  It  is  theroforo  clear  tbat  a  cross  between,  the  Relf- 
fertilieed  clijldron  of  Hero  did  not  produce  any  beneficial  effect 
vorth  notice ;  and  it  ie  very  doubtful  whether  tliis  negative  resnlt 
can  be  attributed  merely  to  the  Eact  of  brothers  and  sist«rB  having 
been  united,  for  the  ordinary  interuroeaed  plants  of  the  Beveral 
socceseive  generatione  must  often  have  been  derived  from  the 
miion  of  brothers  and  eisterB  (as  shown  in  Chap.  I.),  asd  yet  all 
of  ihem  were  greatly  Buperior  to  the  self- fertilised  plants.  We 
ore  therefore  driven  to  tlie  suspicion,  which  we  shall  soon  eee 
Btrengthened,  that  Hero  transmitted  to  its  offspring  a  pconlJar 
constitutiou  adapted  for  Eelf-fertUisation. 

It  would  appear  that  the  self-fertilieod  descendants  of  Hero 
have  not  only  inherited  from  Hero  a  power  of  growth  eqoal  to 
that  of  the  ordinary  intercTossed  plants,  but  have  become  more 
fertile  when  eolf-feitilieed  than  is  usnal  with  the  plauta  of  the 
present  species.  The  flowers  on  the  self-fertilised  grandchildren 
of  Hero  in  Table  XVI.  (the  eighth  generation  of  self- fertilised 
plants)  were  fertilised  with  their  own  pollen  and  produced  plenty 
of  capsules,  ten  of  which  (though  this  is  too  few  a  number  for  a 
safe  average)  contained  5'2  seeds  per  capsulo, — a  higher  average 
than  was  obBcrvod  in  any  other  case  with  the  self-fertilised  plants. 
The  anthers  produced  by  these  self-fertjlised  grandchildren  were 
also  as  well  developed  and  contained  as  much  pollen  as  those  on 
the  intercrossed  plants  of  the  corresponding  generation ;  whereas 
this  was  not  the  cawi  with  the  ordinary  self- fertilised  plants  of 
the  later  generations.  Novertlielegs  soma  few  of  the  flowers 
produced  by  the  grandchildren  of  Hero  were  sliglitly  monstrous, 
like  those  of  the  ordinary  self-fertilised  plants  of  the  later  genera- 
tions. In  order  not  torecnr  to  the  subject  of  fertility,!  may  add 
that  irwonty-one  Eolf-fortilised  capsules,  spontaneously  produced 
by  the  greatgrandchildren  of  Hero  (fomiing  the  ninth  generation 
of  self-fertilised  plants),  contained  on  an  average  4'47  seeds;  and 
this  is  as  high  an  average  as  the  sclf-fertitised  flowers  of  any 
generation  usually  yielded. 

Several  flowers  on  the  self-fertilised  grandchildren  of  Hero  in 
Table  XVI.  wore  fertilised  with  pollen  from  the  same  flower;  and 

I  the  seedlings  raised  from  them  (grcat-graudeldldren  of  Hero) 
formed  the  ninth  self-fertilised  generation.  Several  other  flowers 
were  crossed  with  pollen  from  another  grandchild,  so  that  they 
may  be  considered  as  the  offspring  of  brothers  and  sisters,  and  the 
Bcedlinp  thus  raised  may  be  called  the  ititercroseed  great-grand- 
nhildmi.    And  lastly,  other  Sowers  were  fertilised  with  pollen 
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Lfrom  ti  distmct  etock,  and  the  GeedliugB  thus  raised  may  be 
f  culled  the  Colehesler-rrossftlgieat-gTa,udchi]dien.  In  my  anxiety 
fto  soe  what  the  result  would  be,  I  unfortunately  planted  the 
I  three  lots  of  soeda  (after  they  had  germinated  on  aand)  in  the 
botbouse  in  the  middle  of  winter,  and  in  coneeqnence  of  this  the 
seedlings  (twenty  in  number  of  each  kind)  became  very  unhealthy, 
some  growing  only  a  fow  inches  in  height,  and  very  few  to  their 
proper  height  The  result,  therefore,  cannot  be  fully  trusted; 
and  it  would  be  useless  to  give  the  measurements  in  detail.  In 
order  to  strike  as  fair  an  average  as  possible,  I  first  excluded  all 
the  plants  under  &0  inohea  in  height,  thus  Ktjecting  all  the  most 
unhealthy  plants.  The  six  self-fertiliaed  thus  left  were  on  an 
average  66'86  inches  high;  the  eight  intercrossed  plants  63'2 
high;  and  the  seven  Colchester-crossed  65'37  high;  so  that 
there  was  not  much  difference  between  the  three  sets,  the  self- 
fertilised  plants  having  a  slight  advanf  age.  Kor  was  there  any 
great  difierence  when  only  the  plante  under  36  inches  in  height 
were  excluded.  Nor  again  when  all  the  plants,  however  much 
dwarfed  and  unhealthy,  were  includoil.  In  this  hitter  cose  the 
Colchester-crossed  gave  the  lowest  average  of  all;  and  if  these 
plants  had  been  in  any  marked  manner  superior  to  the  other 
two  lots,  as  from  my  former  experience  I  fully  espected  they 
would  have  been,  I  cannot  but  think  that  some  vestige  of  such 
Baperiority  would  have  been  evident,  notwithstanding  the  very 
unhealthy  condition  of  most  of  the  plants.  No  advantage,  a£  far 
as  we  can  judge,  was  derived  from  infererossing  two  of  the 
grandchildren  of  Hero,  any  more  than  when  two  of  the  children 
were  crossed.  It  appears  therefore  that  Hero  auditsdescendants 
have  varied  from  the  common  type,  not  only  in  acquiring  great 
power  of  growth,  and  increased  fertility  when  enhjectod  to  eelf- 
fertilisation,  but  in  not  profiting  from  a  cross  with  a  distinct 
stock ;  and  this  latter  fact,  if  trustworthy,  is  a  unique  case,  as 
a  I  have  observed  in  alt  my  experiments. 


[  Summarjf  on  the  Growth,  Vigour,  and  Feriility  of  the 
SttccesBtve  Qenerations  of  the  crossed  and  self-feriih'se'l 
Plants  of  Ipomcea  purpurea,  together  with  some  miaeei- 
lajieons  Obnervalions. 

In  the  following  table,  No.  XVII.,  we  see  the  average 
[  or  m<;aii  heights  of  the  ten  successive  generations' 
I  the  intercrossed   and   aelf-fertilised  plants,  growff 
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competition  with  each  other;  and  in  the  right-hand 
column  we  have  the  ratios  of  the  one  to  the  other,  the 
height  of  the  intercrossed  plants  being  taken  at  100. 
In  the  bottom  line  the  mean  height  of  the  seventy- 
three  intercrossed  plants  is  shown  to  be  85  •  84  inches, 
and  that  of  the  seventy-three  self-fertilised  plants 
66  •  02  inches,  or  as  100  to  77. 

Table  XVII. 
Ipomoea purpurea.     Summary  of  Measurements  (in  Inches)  of 

the  Ten  Oenerattons, 


Number  of  the  Generation. 

Number 

of 
Crossed 
Plants. 

1 

Average 
i  Height 
of  Cro8»>ed 

Plaiitii: 

Number 

of  Self. 

ferti- 

1    Used 

Plants. 

,  Average 

Height  ot 

Self-ferU- 

Used 

Plants. 

Ratio  between 

Average 

Height*  of 

Crossed  and 

Self-fertilised 

Plants. 

First  generation  . 
Table  I. 

6 

86-00 

6     •  65-66 

as  100  to    76 

Second  generation 
Table  il. 

6 

84-16  1       6 

1 

66-33 

as  100  to  79 

Third  generation. 
Table  ill. 

6 

77-41 

6 

52-83 

as  100  to  68 

Fourth  generation     . 
Table  V. 

7 

69-78 

7 

60-14   as  100  to  86 

Fifth  generation  .      .      . 
Table  VI. 

6 

82-54 

6 

62  •  33    as  100  to  75 

Sixth  generation . 
Table  Vll. 

6 

87-50 

6 

63-16    as  100  to  72 

1 

Seventh  generation   . 
Table  Vlll. 

9 

83-94 

9 

68-25    as  100  to  81 

i 

! 

Biglith  generation     . 
Table  IX. 

8 

113-26 

8 

96-65   as  100  to  85 

Ninth  generation 
Table  X. 

14 

81*39 

14 

64-07    as  100  to  79 

Tenth  generation 
Table  XI. 

5 

93-70 

5 

50-40  ' 

as  100  to  54 

All  the  ten  generations! 
taken  together  .      ./ 

73 

85-84 

73 

66-02 

as  100  to  77 
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The  mean  height  of  the  aelf-fertilised  plants  in 
each  of  the  ten  generations  is  also  shown  in  the 
accompanying  diagram,  that  of  the  intercrossed  plants 
ing  taken  at  100 ;  and  on  the  right  side  we  see 
1  relative  heights  of  the  seventy-three  intercrossed 
ints,  and  of  the  seventy-three  self-fertilised  plants. 
S>6  difference   in   height   between   the    crossed   and 
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igram  ahowiag  the  meaa  heifihta   of  the  trosaed  and   self-t'ertiliaed 
(ilnnU  of  [jxmtca  purpurea  in  the  ten  geDerationa;  the  mem  height  of  the 
uwwd  plantit  being  tslcen  hs  IDD.   Od  the  right  hand,  the  muao  heights  of 
craaed  and  leK-fertilised  plants  of  all  Iha  generations  taken  together 


f-fffltilised  plants  will  perhaps  be  best  appreciated 

)y  an  illustration ;  If  all  the  men  in  a  country  were 

on  an  average  6  feet  high,  and  there  were  some  families 

which   had   been   long   and   closely   interbred,   these 

puld  be  almost  dwarfs,  their  average  height  during 

generations  being  only  4  feet  8^  inches. 
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It  should  be  especially  observed  that  theaverage  dif- 
ference between  the  eroased  and  self-fertilised  plants 
is  not  due  to  a  few  of  the  former  having  grown  to  an 
extraordinary  height,  or  to  a  few  of  the  self-fertilised 
being  extremely  short,  but  to  all  the  crossed  plants 
having  surpassed  their  self-fertilised  opponents,  with 
the  few  foUowing  exceptions.  The  first  occurred  in 
the  sixth  generation,  in  which  the  plant  named  "  Hero" 
appeared  ;  two  in  the  eighth  generation,  but  the  self- 
fertilised  plants  in  this  generation  were  in  an  anomaloup 
condition,  as  they  grew  at  first  at  an  unusual  rate  and 
conquered  for  a  time  the  opposed  crossed  plants  ;  and 
two  exceptions  in  the  ninth  generation,  though  one 
of  these  planta  only  equalled  its  crossed  opponent. 
Therefore,  of  the  seventy-three  crossed  plants,  sixty- 
eight  grew  to  a  greater  height  than  the  self-fertilised 
plants,  to  which  they  were  opposed. 

In  the  right-hand  column  of  figures,  the  difference 
in  height  between  the  crossed  and  self-fertilised  plants 
in  the  successive  generations  is  seen  to  fluctuate  much, 
as  might  indeed  have  been  expected  from  the  small 
number  of  plants  measured  in  each  generation  being 
in  sufficient  to  give  a  fair  average.  It  should  be 
remembered  that  the  absolute  height  of  the  plants 
goes  for  nothing,  as  each  pair  was  measured  as 
soon  as  one  of  them  bad  twined  up  to  the  summit 
of  its  rod.  The  great  difference  in  the  tenth  genera- 
tion, viz.,  100  to  54,  no  doubt  was  partly  accidental, 
though,  when  these  plants  were  weighed,  the  differ- 
ence was  even  greater,  viz.,  100  to  44.  The  smallest 
amount  of  difference  occurred  in  the  fourth  and  the 
eighth  generations,  and  this  was  apparently  due  to 
both  the  crossed  and  self-fertilised  plants  having 
become  unhealthy,  which  prevented  the  former  attain- 
ing their  usual  degi-ee  of  superiority.     This  was  an 
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unfortunate  circumstance,  but  my  experiments  were 
not  thus  vitiated,  as  both  lots  of  plants  were  exposed 
to  the  same  conditions,  whether  favourable  or  iin- 
favourable. 

There  is  reason  to  believe  that  the  flowers  of  this 
Ipomcea,  when  growing  out  of  doors,  are  habitually 
crossed  by  insects,  so  that  the  first  seedlinga  which  I 
.faised  from  purchased  seeds  were  probably  the  offspring 
!«of  a  cross.  I  infer  that  this  is  the  case,  firstly  from 
humble-bees  often  visiting  the  flowers,  and  from  the 
quantity  of  pollen  left  by  them  on  the  stigmas  of  such 
flowers ;  and,  secondly,  from  the  plants  raised  from  the 
some  lot  of  seed  varying  greatly  in  the  colour  of  their 
flowers,  for  as  we  shall  hereafter  see,  this  indicates 
much  intercrossing.*  It  is,  therefore,  remarkable 
that  the  plants  raised  by  me  from  flowers  which  were, 
in  all  probability,  self-fertilised  for  the  first  time  after 
many  generations  of  crossing,  should  have  been  ao 
markedly  inferior  in  height  to  the  intercrossed  plants 
as  they  were,  namely,  as  76  to  100.  Aa  the  plants 
which  were  sell-fertilised  in  each  succeeding  generation 
necessarily  became  much  more  closely  interbred  in 
the  later  than  in  the  earlier  generations,  it  might  have 
been  expected  that  the  difference  in  height  between 
them  and  the  crossed  plants  would  have  gone  on  in- 
creasing ;  but,  BO  far  is  this  from  being  the  ease,  that 
the  difference  between  the  two  sets  of  plants  in  the 
seventh,  eighth,  and  ninth  generations  taken  together 
is  less  than  in  the  first  and  second  generations  together. 
When,  however,  we  remember  that  the  self-fertilised 
and  crossed  plants  are  all  descended  from  the  same 


■  Verlot  BBTi  ('  Sur  la  Produo- 
tkw  dea  Vari£l&,'  IWd.  p.  GG) 
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mother-plant,  tliat  many  of  the  crosspd  plaiilM  in  each 
generation  were  related,  often  closely  related,  and  that 
all  were  exposed  to  the  same  conditions,  which,  as  we 
shall  hereafter  find,  ia  a  very  important  circumstance,  it 
is  not  at  all  surprising  that  tlie  difference  between 
them  should  have  somewhat  decreased  in  the  later 
generations.  It  is,  on  the  contrary,  an  astonishing  fat^t, 
that  the  crossed  plants  should  have  been  victorious, 
even  to  a  slight  degree,  over  the  self-fertilised  plants 
of  the  later  generations. 

The  much  greater  constitutional  vigour  of  the 
crossed  than  of  the  self-fertilised  plants,  was  proved  on 
five  occasions  in  various  ways ;  namely,  by  exposing 
them,  while  young,  to  a  low  temperature  or  to  a 
Budden  change  of  temperature,  or  by  growing  them, 
under  very  unfavourable  conditions,  in  competition 
with  full-grown  plants  of  other  kinds. 

With  respect  to  the  productiveness  of  the  erossed 
and  self-fertilised  plants  of  the  successive  generations, 
my  observations  unfortunately  were  not  made  on  any 
uniform  plan,  partly  from  the  want  of  time,  and  partly 
from  not  having  at  first  intended  to  observe  more  than 
a  single  generation.  A  summary  of  the  resulta  is  here 
given  in  a  tabulated  form,  the  fertility  of  the  crossed 
plants  being  taken  as  100. 

Firat  Qentration.  i/cmised  and  ul/furtiliaed  Planti 
grovriu'i  in  compttilion  with  one  anolJier. — Sixty-five 
capanlcs  produced  from  fiowera  on  five  crossed  plants 
fertilised  by  pollen  from  a  distinct  plant,  and  fiftj-flve 
cApeuIcs  prodnced  from  flowers  on  five  self-fertilised 
plants  fertiliBed  by  their  own  pollen,  contoiDed  seeds 
in  the  proportion  of       .....         .     100  to  1« 

Fifty-ais  fipontancoualy  self-fertilised  ciapsules  on 
ine  ftlxjvo  five  crossed  plants,  and  twenty-five  sponta- 
neously Bolf-fortiliBed  capsules  on  the  above  five  self- 
fertilieet}  plant-B,  yielded  seeds  in  the  proportion  of   .     100  to  99 
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Oombining  tbe  total  number  of  capsules  produced 
by  these  pkats,  and  tLe  average  niimber  of  Boeds  in 
each,  the  above  croased  and  Bolf-fertilised  plants 
yioided  seeds  in  the  proportion  of   .  ,         .     100  lo  64 

Other  plants  of  this  firet  generfttion  grown  under 
nnfavonrable  condltionB  and  Hpontaneoualf  self-ferti- 
lieed,  yielded  seeds  in  the  proportion  of  .         .         .     100  to  ^ 

T/iird  aeneralOtni/  frMS-.i-ind  nelf-fertUfssl  Planli. 
— Crossed  capsoles  comparod  with  self-fertilised  c;s.p- 
Bules  contained  seeds  in  the  ratio  of        .         .         .     100  to  91 

An  equal  number  of  crossed  nnd  self-fertilised 
plants,  both  spontaneously  self-fertilised,  produced 
capsules  in  the  ratio  of  .         .         .         ,         .         .     100  to  38 

And  these  capsales  contained  seeds  in  the  ratio  of  .     100  to  94 

Combining  these  data,  tlie  productiveness  of  the 
crossed  to  the  self-fertilised  plants,  both  spontane- 
ously self-fertilised,  was  as 100  to  35 

Fourth  Qrtieratum  of  rrosfed  und  stlf-fertU'sed  Plimis. 
— Oapenl^  from  flowers  on  the  crossed  plants  ferti- 
lised by  pollen  from  another  plant,  and  capsules  from 
flowers  on  the  Belf-fertiliBed  plaute  fertilised  with  their 
own  pollen,  contained  seeds  in  the  proportion  of      .     100  io  94 

Fifth  Geti-r-ii'^i  ofcna-d  xnd  nelf-ferUtistd  HltnU. 
1 — The  crossed  plants  produced  spontaneously  a  vast 
number  more  pods  (not  actually  counted)  than  the 
aelf-^ertilised,  and  these  contained  seeds  in  the  pro- 
portiirtiof 100  to  89 

Ni<.th  Oener'iti^  <,/ crosxed  and sel/'/ertilfsed  Plai.ls. 

— Fourteen  crossed  plants,  spontanoousiy  self-ferti- 
lisod,  and  fourteen  self-fertilised  plants  spontaneously 
eelf-fertilised,  yielded  capsules  (the  average  number 
of  seeds  per  capsule  not  having  been  ascortained)  in 

the  proportion  of 100  to  26 

Plant*  deTwd/rom  a  ot-oss  with  a  fre>.h  S'.^k  com- 
yiTcd  with  ihlercrus'ed  Planlt. — The  oflVipring  of  inter- 
oroesed  plants  of  the  niiiUi  generation,  crossed  by  a 
fresh  stock,  compared  with  plants  of  the  same  stock 
btercrossod  during  ten  generations,  Iwth  sets  of  plants 
left  nncovored  and  iiaturally  fertilised,  produced 
capsules  by  weight  as 100  to  51 

We  see  in  this  table  that   the  crossed  plants   arc 
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always  in  some  degree  more  productive  tlian  the  self- 
fertilised  plants,  by  wliatever  standard  they  are  com- 
pared. The  degree  differs  greatly;  but  this  depends 
chiefly  on  whether  an  average  was  taken  of  the  seeds 
alone,  or  of  the  capsules  alone,  or  of  both  combined. 
The  relative  superiority  of  tho  crossed  plants  is  chiefly 
due  to  their  producing  a  much  greater  number  of  cap- 
sules, and  not  to  each  capsule  containing  a  larger 
average  number  of  seeds.  For  instance,  in  the  third 
generation  the  crossed  and  self-fertilised  plants  pro- 
duced capsules  in  the  ratio  of  100  to  38,  whilst  the 
seeds  in  the  capsules  on  the  crossed  plants  were  to 
those  on  the  self-fertilised  plants  only  as  100  to  94. 
In  the  eighth  generation  the  capsules  on  two  self- 
fertilised  plants  (not  included  in  the  above  table), 
grown  in  separate  pots  and  thus  not  subjected  to  any 
competition,  yielded  the  large  average  of  5'1  seeds. 
The  smaller  number  of  capsiiJea  produced  by  the  self- 
fertilised  plants  may  be  in  part,  but  not  altogether, 
attributed  to  their  lessened  size  or  height ;  this  being 
chiefly  due  to  their  lessened  constitutional  vigour,  so 
that  they  were  not  able  to  compete  with  the  crossed 
plants  growing  in  the  same  pots,  The  seeds  produced 
by  tho  crossed  flowers  on  the  crossed  plants  were  not 
always  heavier  than  the  self-fertilised  seeds  on  the 
self-fertilised  plants.  The  lighter  seeds,  whether  pro- 
duced from  crossed  or  self-fertilised  flowers,  generally 
germinated  before  the  heavier  seeds.  I  may  add  that 
the  crossed  plants,  with  very  few  exceptions,  flowered 
before  their  self-fertilised  opponents,  as  might  have 
been  expected  from  their  greater  height  and  vigour. 

The  impaired  fertility  of  the  self-fertilised  plants  was 
shown  in  another  way,  namely,  by  their  anthers  being 
smaller  than  those  in  the  flowers  on  the  crossed  plants. 
This  was  first  observed  in  the  seventh  generation,  but 
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may  have  occmred  earlier.  Several  anthers  from  flowers 
the  croseed  and  self-fertilised  plants  of  the  eightli 
generation  were  compared  under  the  microscope ;  and 
those  from  the  former  were  generally  longer  and  plainly 
broader  than  the  anthers  of  the  self-fertilised  plants. 
The  quantity  of  pollen  contained  in  one  of  the  latter 
was,  as  far  as  could  be  judged  by  the  eye,  about  half 
■et  that  contained  in  one  from  a  crossed  plant.  The 
impaired  fertility  of  the  self-fertilised  plants  of  the 
eighth  generation  was  also  shown  in  another  manner, 
which  may  often  be  observed  in  hybrids — namely,  by  the 
first-formed  flowers  being  sterile.  For  instance,  the 
fifteen  first  flowers  on  aself-fertilisedplantof  onooftho 
later  generations  were  carefully  fertilised  with  their 
own  pollen,  and  eight  of  them  dropped  off;  at  the  same 
time  fifteen  flowers  on  a  crossed  plant  growing  in  the 
same  pot  were  self-fertilised,  and  only  one  dropped  off. 
On  two  other  crossed  plants  of  the  same  generation, 
aeveral  of  the  earliest  flowers  were  observed  to  fertilise 
and  to  produce  capsules.  In  the  plants  of 
'the  ninth,  and  I  believe  of  some  previous  generations, 
very  many  of  the  flowers,  as  abeady  stated,  were 
slightly  monstrous ;  and  this  probably  was  connected 
ith  their  lessened  fertility. 

AH  the  self-fertilised  plants  of  the  seventh  genera- 
1,  and  I  believe  of  one  or  two  previous  generations, 
iroduced  flowers  of  exactly  the  same  tint,  namely,  of  a 
rich  dark  purple.  So  did  all  the  plants,  without  any 
exception,  in  the  three  succeeding  generations  of  self- 
teitilised  plants  ;  and  very  many  were  raised  on  account 
of  other  exi^eriments  in  progress  not  here  recorded. 
My  attention  was  first  called  to  this  fact  by  my 
gardener  remarking  that  tliere  was  no  occasion  to  label 
rtiie  self-fertilised  plants,  as  they  could  always  be  known 
""     their  colour.     The  flowers  were  as  uniform  in  tint 
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as  those  of  a  wild  species  growing  in  a  state  of  nature ; 
whether  the  same  tint  occurred,  as  is  probable,  in  the 
earlier  generations,  neither  my  gardener  nor  self  could 
recollect.  The  flowers  on  the  plants  which  were  first 
raised  from  purchased  seed,  as  well  as  during  the  first 
few  generations,  varied  much  in  the  depth  of  the 
purple  tint ;  many  were  more  or  less  pink,  and  occa- 
sionally a  white  variety  appeared.  The  crossed  plants 
continued  to  the  tenth  generation  to  vary  in  the  same 
manner  as  before,  but  to  a  much  less  degree,  owing, 
probably,  to  their  having  become  more  or  less  closely 
inter-related.  We  must  therefore  attribute  the  extra- 
ordinary uniformity  of  colour  in  the  flowers  on  the 
plants  of  the  seventh  and  succeeding  self-fertilised 
generations,  to  inheritance  not  having  been  interfered 
with  by  crosses  during  several  preceding  generations, 
in  combination  with  the  conditions  of  life  having  been 
very  uniform. 

A  plant  appeared  in  the  sixth  self-fertilised  genera- 
tion, named  the  Hero,  which  exceeded  by  a  little  in 
height  its  crossed  antagonist,  and  which  transmitted 
its  powers  of  growth  and  increased  self-fertility  to  its 
children  and  grandchildren.  A  cross  between  the 
children  of  Hero  did  not  give  to  the  grandchildren 
any  advantage  over  the  self-fertilised  grandchildren 
raised  from  the  self-fertilised  children.  And  as  far  as 
my  observations  can  be  trusted,  which  were  made  on 
very  unhealthy  plants,  the  great-grandchildren  raised 
from  intercrossing  the  grandchildren  had  no  advantage 
over  the  seedlings  from  the  grandchildren  the  product 
of  continued  self-fertilisation;  and  what  is  far  more 
remarkable,  the  great-grandchildren  raised  by  crossing 
the  grandchildren  with  a  fresh  stock,  had  no  advantage 
over  either  the  intercrossed  or  self-fertilised  great- 
grandchildren.    It  thus  appears  that  Hero  and  its 
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descendants  differed  in  constitution  in  an  extmoidinary 
maoaer  from  ordinary  plants  of  the  present  species. 

AltliougL  the  plants  raised  during  ten  successive 
generations  from  crosses  between  distinct  yet  inter- 
related plants  almost  invariably  exceeded  in  height, 
constitutional  vigour,  and  fertility  their  self-fertilised 
opponents,  it  has  been  proved  that  seedlings  raised 
by  intercrossing  flowers  on  the  same  plant  are  by  no 
means  auperior,  on  the  contrary  are  somewhat  inferioi 
in  height  and  weight,  to  seedlings  raised  from  flowers 
fertilised  with  their  own  pollen.  This  is  a  remarkable 
fact,  which  seems  to  indicate  that  self-fertilisation  is 
in  some  manner  more  advantageous  than  crossing, 
unless  the  cross  brings  with  it,  as  is  generally  the  case, 
Bome  decided  and  preponderant  advantage ;  but  to  this 
lubject  I  shall  recur  in  a  future  chapter. 

The  benefits  which  so  generally  follow  from  a 
cross  between  two  plants  apparently  depend  on  the 
two  differing  somewhat  in  constitution  or  character. 
This  ia  shown  by  the  seedlings  from  the  intercrossed 
plants  of  the  ninth  generation,  when  crossed  with 
pollen  from  a  fresh  stock,  being  as  superior  in 
height  and  almost  as  superior  in  fertility  to  the  again 
intercrossed  plants,  as  these  latter  were  to  seedlings 
from  self-fertilised  plants  of  the  corresponding  gen- 
eration. We  thus  learn  the  important  fact  that  the 
mere  act  of  crossing  two  distinct  plants,  which  are 
in  some  degree  inter-related  and  which  have  bee.n 
long  subjected  to  nearly  the  same  conditions,  does 
little  good  as  compared  with  that  from  a  cross  between 
plants  belonging  to  different  stocks  or  families,  and 
which  have  been  subjected  to  somewhat  different  con- 
ditions. We  may  attribute  the  good  derived  from 
CTostfing  of  the  intercrossed  plants  during  the 
successive  generations  to  their  still  differing  some- 
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what  in  constitution  or  character,  as  was  indeed  proved 
by  their  flowers  still  differing  somewhat  in  colour. 
But  the  several  conclusions  which  may  be  deduced 
from  the  experiments  on  Ipomoea  will  be  more  fully 
considered  in  the  final  chapters,  after  all  my  other 
observations  have  been  given. 
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limuliu  luteiu :  height,  yigaur,  and  fcrdlit;  of  the  orosaed  and  aclf- 
fertilued  ^Itaiiti  o!  the  first  four  generations — Appestaiioc  of  a 
'ol\,  and  highly  self-fertile  variety— Offspring  from  a  cross 
D  aelf-fertUiacd  plaats^Efiecta  of  a  croea  with  a  &csh  stock 
— Effecta  of  croaaing  Sonets  oa  tbo  same  plant — Summar}'  on 
Mimulos  Intens— Digitalia  purpurea,  Boperiority  of  the  crossed 
plants— Effects  of  croirfng  iiwers  on  the  sonie  plant— Calceolftria 
— Linuria  Tolgaria  —  Verhascuin  thapsus  —  Vandellia  numranlari- 
folia— Dleistogene  flowers — Gesneria  pendnlina — Salvia  ooocineu — 
Origanum  Tulgare,  great  inorease  of  the  crosBed  plnata  by  stolona 
— TbunbHrgia  alata. 

Is  the  family  of  the  SorophulariacesB  I  experimented 
on  species  in  the  six  following  genera:  Mimulus, 
Digitalis,  Calceolaria,  Linaria,  VerbaBcum,  and  Van- 
dellia. 

II.  SCEOPHDLAEIAOB^.— MmcLCs  Lcmns. 
The  plants  which  I  roaBed  from  purohaBed  seed  varied  greatly 
I  the  colour  of  their  flowers,  so  that  hardly  two  iDdiyiduala 
era  quite  alike;  the  corolla  being  of  all  Bhodes  of  yellow, 
with  the  moet  diversified  blotches  of  purple,  crimson,  orange, 
»nd  coppery  brown.  But  these  plants  differed  in  no  other 
respect.*  The  flowers  aro  evidently  well  adapted  for  fertilisft- 
titm  by  the  agency  of  insecte;  and  in  the  case  of  a  closely  alliea 
speciee,  M.  roiea,  I  have  watched  bees  entering  the  flowers,  thus 
^tting  thoir  backs  well  dusted  with  pollen ;  and  when  they 
ilered  another  flower  the  pollen  was  licked  off  their  backs  by 
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the  tiro-lipped  stigma,  the  lips  of  which  are  irritable  and  close 
like  a  forceps  on  the  pollen-grainB.  If  no  pollen  is  enclosed 
between  the  lips,  these  open  again  after  a  time.  Mr.  Kitchener 
has  ingeniunsly  explained  *  the  use  of  these  moTements,  namelj, 
to  prevent  the  self-fertiliBotion  of  the  flower.  If  a  bee  with 
no  pollen  on  its  back  enters  a  flower  it  touches  the  etigma, 
which  quickly  closes,  and  when  the  bee  retires  dusted  with 
pollen,  it  can  leave  none  on  the  Btigma  of  the  same  flower. 
Sut  as  aeon  as  it  enters  any  other  flower,  plenty  of  pollen  is 
left  on  the  stigma,  which  will  be  Urns  cross-fertilieed.  Never- 
theless, if  insects  are  escluded,  the  flowers  fertilise  themselves 
perfectly  and  produce  plenty  of  seed;  but  I  did  not  aacertain 
whether  this  is  effected  by  the  stamens  increasing  in  length 
with  advancing  age,  or  by  the  bending  down  of  the  pistil,  Thp 
ohief  interest  in  my  experiments  on  the  present  species,  lies  in 
the  appearance  iii  the  fourth  self-fertilised  generation  of  s 
variety  which  bore  large  peculiarly -coloured  flowers,  and  grew 
to  a  greater  height  than  the  other  varieties ;  it  likewise  became 
more  highly  self-fertile,  so  that  this  vuriety  resembles  the 
plant  named  Hero,  which  appeared  in  the  sixth  self-fertilised 
generation  of  Ipomcea. 

6ome  flowers  on  one  of  the  plants  raised  from  the  purchased 
seeds  were  fertilised  with  their  own  pollen ;  and  others  on  the 
same  plant  were  crossed  with  pollen  from  a  distinct  plant.  The 
seeds  from  twelve  capsules  thus  produced  were  placed  in 
separata  watch-glasses  for  comparison;  and  those  from  the  six 
crossed  capsules  appeared  to  the  eye  hardly  more  numerous 
thou  those  from  the  six  self-fertilised  capsules.  But  when  the 
seeds  wore  weighed,  those  from  the  crossed  capsules  amounted 
to  1'02  grain,  whilst  those  from  the  self-fertilised  capsules 
were  only  'SI  grain ;  so  that  the  former  were  either  heavier  or 
more  numerous  than  the  latter,  in  the  ratio  of  100  to  79. 

CriiisiiianUseif-/eiiilised Plants  u/tlmFii si  flfijieroi /on, ^Having 
ascertained,  by  leaving  crossed  and  self-fertilised  seed  on  damp 
sand,  that  they  germinated  simultaneously,  both  kinds  were 
thickly  sown  on  opposite  sides  of  a  broad  and  rather  shallow 
pan ;  so  that  the  two  sets  of  seedlings,  which  came  up  at  the 
same  time,  were  subjected  to  the  same  unfavourable  conditions. 
This  was  a  bod  method  of  treatment,  but  this  species  was  one  of 
Uw  first  on  which  I  experimented.    When  the  crossed  seedlings 
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wore  on  aa  STerage  balf  an  inch  high,  the  B«lf-fertiIiBed  ones 
were  only  a  quarter  of  an  inch  high.  When  grown  to  their  full 
height  luder  the  above  unfaTOurable  oonditiona,  the  four  tallest 
croi!&ed  plants  aTeragod  7 '62,  and  the  four  tallest  self-fertili«ed 
6  ■  87  inches  in  height ;  or  as  100  to  77.  Ten  flowers  on  the  crossed 
plants  were  fully  expanded  before  one  on  the  self-fertilised 
plants.  A  few  of  these  plants  of  both  lots  were  transplanted 
into  a  large  pot  with  plenty  of  good  earth,  and  the  self-fertilised 
plants,  not  now  being  suhjocted  to  serere  competitiou,  grew 
daring  the  following  year  as  tall  as  the  crossed  plants;  but 
from  a  case  which  follows  it  is  doubtful  whether  they  would 
have  long  continued  equal.  Some  flowers  on  the  crossed  plants 
were  crossed  with  pollen  from  another  plant,  and  the  capsules 
thus  produced  contained  a  rather  greater  weight  of  seed  than 
those  on  the  self-fertilised  plants  again  self-fertilised. 

Croeaed  uiul sfif-ferlilised  Plants  a/  the  Second  Oe7ieTati<m.~~&eeAa 
from  the  foregoing  plants,  fertilised  in  the  manner  just  stated, 
were  sown  on  the  opposite  aides  of  a  small  pot  (I.)  and  came  op 
crowded.  The  four  talleet  crossed  seedlings,  at  the  time  of 
flowering,  averaged  8  inches  in  height,  whilst  the  four  tallest 
self-fertilised  plants  avenged  only  i  inches.  Grossed  seeds 
were  sown  by  themseWea  in  a  second  small  pot,  and  eelf- 
fertilieed  seeds  were  sown  by  themselTee  in  a  third  small  pot 
so  that  there  was  no  competition  whatever  between  these  two 
lots.  Nevertheless  the  crossed  plants  grew  from  1  to  2 
inches  higher  on  an  average  than  the  self-fertilised.  Both  lots 
looked  equally  vigorous,  but  the  crossed  plants  flowered  earlier 
and  more  profusely  than  the  self-fertilised.  In  Pot  L,  in  which 
thetwolotscompetedwith  each  other,  the  crossed  plants  flowered 
fltst  and  produced  a  large  number  of  capsules,  whilst  the 
self'fertilised  produced  only  nineteen.  The  contents  of  twelve 
capsules  from  the  crossed  flowers  on  the  crossed  plants,  and 
of  twelve  capsules  from  self-fertilised  flowers  on  the  self-fertilised 
plants,  were  placed  in  separate  watch-glasses  for  comparison ; 
and  the  crossed  seeds  seemed  more  numerous  by  half  than  the 
solf-fertilised. 

The  plants  on  both  sides  of  Pot  I,,  after  they  had  seeded, 
were  out  down  and  transplanted  into  a  large  pot  with  plenty  of 
good  earth,  and  on  the  following  spring,  when  they  had  grown 
A  height  of  l)etween  5  and  6  inches,  the  two  lots  were  equal, 
occurred  in  a  similar  experiment  in  the  lost  generation. 
after  some  weeks  the  crossed  plants  exceeded  the  self- 
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fertiliBed  ones  on  the  opposite  aide  of  the  same  pot,  though  not 
nearly  to  bo  great  a  degree  as  before,  when  they  were  subjected 
to  very  severe  competition. 

Grossed  and  ndf-fertUised  Plnntf  of  Ike  Third  Oeneraliim. — 
Crossed  seeds  from  the  crosBed  plants,  and  Belf-fertilised  seeds 
from  the  self-fertilised  plants  of  the  last  generation,  were  sown 
thickly  on  opposite  sides  of  a  small  pot.  No.  I.  The  two  tallest 
plants  on  each  side  were  meaanred  after  they  hod  flowered,  and 
the  two  crossed  ones  were  12  and  71  inches,  and  the  two  self- 
fertilified  ones  8  and  51  inches  in  height ;  that  is,  in  tlie  ratio  of 
100  to  69.  Twenty  flowers  on  the  crossed  plants  were  again 
crossed  and  produced  twenty  capsnles  ;  ten  of  which  contained 
1"33  grain  weight  of  seeds.  Thirty  flow  era  on  the  self-fertilised 
plants  were  again  self-fertilised  and  produced  1;wenty-six 
capsules ;  ten  of  the  best  of  which  (many  being  very  poor)  con- 
tained only  -87  grain  weight  of  seeds;  that  ia,  in  the  ratio  of 
100  to  65  hy  weight. 

The  superiority  of  the  crossed  over  the  self-fertilised  plants 
was  proved  in  various  ways.  Self-fertilised  seeds  were  sown  on 
one  side  of  a  pot,  and  two  days  afterwards  crossed  seeds  on  the 
oppchBite  Bide.  The  two  lots  of  eeetllinEB  were  equal  until  they 
were  above  half  an  inch  high ;  but  when  fully  grown  the  two 
tallest  crossed  plants  attained  a  height  of  121  and  8j  inches, 
whilst  the  two  tallest  self-fertilised  plants  were  only  8  and  51 
inches  high. 

In  a  third  pot,  crossed  seeds  were  sown  four  days  after  the 
self-fertilised,  and  the  seedlings  from  the  latter  had  at  first,  as 
might  have  been  expected,  an  advantage;  but  when  the  two 
lots  were  between  5  and  6  inches  in  height,  they  were  equal, 
and  ultimately  the  throe  tallest  crossed  plants  were  11, 10,  and 
8  inches,  whOst  the  three  tallest  self-fertilised  were  12,  81,  and 
71  inches  in  height.  So  that  there  was  not  much  difference 
between  them,  the  crossed  plants  having  an  average  advantage 
of  only  the  third  of  an  inch.  The  plante  were  cut  down,  and 
without  being  disturbed  were  transplanted  into  a  larger  pot 
Thus  the  two  lots  started  fair  on  the  following  spring,  and  now 
the  crossed  plants  showed  their  inherent  8uj)eriority,  for  the  two 
tallest  were  13  inches,  whilst  the  two  talleet  Belf-fertilised  plants 
were  only  11  and  8J  inches  in  height;  or  as  100  to  76.  The 
two  lots  were  allowed  to  fertUise  themselves  spontaneously ;  the 
crossed  plants  produced  a  large  number  of  capsules,  whilst  the 
Hlf-f^rtilised  produced  very  few  and  poor  ones.    The  Beeda 
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foom  eight  of  the  capsules  on  the  crossed  plants  weighed  -65 
Biain,  whiiat  those  from  eight  of  the  capsulos  on  the  self-fer- 
tiliBed  plants  Teighed  only  '22  grain ;  or  as  100  to  34. 

The  crossed  plants  in  the  above  three  pots,  as  in  almost  all 
the  piBTions  eiporimente,  flowered  before  the  aelf-fertiliBed. 
This  occurred  even  in  the  third  pot  in  which  the  croBsed  Beeds 
were  sown  four  days  after  the  eelf-fertilised  seeds. 

Lastly,  seeds  of  both  lots  were  sown  on  opposite  Bidos  of  a 
lai^  pot  in  which  a  Fuchsia  had  long  been  growing,  so  that  the 
earth  was  full  of  roots.  Both  lots  grew  nuBerably ;  hut  the 
dossed  Beediinga  had  an  advantage  at  all  times,  and  ultimately 
Attained  to  a  height  of  3i  inches,  whilst  the  self-fertilised  seed- 
lingE  never  exceeded  1  inch.  The  several  foregoing  experiments 
prove  in  a  decisive  manner  the  superiority  in  constitntional 
Tigonr  of  the  crossed  over  the  self-fertilised  plants. 

In  the  three  generations  now  described  and  taken  together,  the 
average  height  of  the  ten  tallest  crossed  plants  was  8-19  inches, 
and  that  of  the  ten  tallest  self-feftilised  plants  5-29  inches  (the 
plants  having  been  grown  in  small  pots),  or  as  100  to  65. 

In  the  nest  or  fourth  Belf-fertilised  generation,  several  plants 
of  a  new  and  tall  variety  appeared,  which  increased  in  the 
latfir  self'fertilised  generations,  owing  to  its  groat  self-fertihty, 
to  the  complete  excluBion  of  the  original  kinda.  The  same 
variety  also  appeared  amonpt  the  crossed  plants,  bnt  as  it  was 
not  at  first  regarded  with  any  particular  attention,  I  know 
not  bow  far  it  was  nsed  for  raising  the  intercrossed  plants ;  and 
in  the  lat«r  crossed  generations  it  was  rarely  present.  Owing  to 
the  appearance  of  this  tail  variety,  the  compariEon  of  the  croEsed 
and  self-fertilised  plants  of  the  fifth  and  succeeding  generations 
was  rendered  unfair,  as  all  the  self-fertilised  and  only  a  few  or 
none  of  the  crossed  plants  consisted  of  it.  Nevertheless,  the 
leenlta  of  the  later  experiments  are  in  some  respects  well  worth 
giving. 

Uronsed  and  ^elf-ferlilisffl  PlaTili  of  the  Fourth  Generation. — Seeds 
of  the  two  kinds,  prodnced  in  the  usual  way  from  the  two  sots  of 
plants  of  tho  third  generation,  were  sown  on  opposite  sides  of 
two  pots  (I.  and  II.);  but  the  seedlings  were  not  thinned 
enongh  and  did  not  grow  well.  Many  of  the  self-fertilised 
plants,  especially  in  one  of  the  pots,  consisted  of  the  new  and 
tall  variety  above  referred  to,  which  bore  large  and  almost  white 
flowers  marked  with  crimson  blotches.  I  will  call  it  tho 
Whit«  viiriety.    I  believe  that  it  first  appeared  amongst  both  Mba 
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oroased  and  self-fertiUsed  plante  of  the  last  generation;  but 
neither  my  gardener  nor  myself  could  remember  any  snch  Toriety 
in  the  seedlings  raised  from  the  purohaeed  seed.  It  mtist  thera- 
fore  have  arisen  either  through  ordinary  Tariation,  or,  judging 
from  its  appeanuice  amongst  both  the  croseed  and  eelf-fertiliBed 
plants,  more  probably  through  reversion  to  a  formerly  existing 
Tariety. 

In  Pot  I.  the  tallest  crossed  plant  was  8)  inches,  and  the 
tallest  solf-fortilised  5  inches  in  height.  In  Pot  II.  the  tallest 
crossed  plant  was  61  inches,  and  the  tallest  self-fertilised  plant, 
which  consisted  of  the  white  yariety,  7  inches  in  height ;  and 
this  was  the  first  instance  in  my  experiments  on  Mimulus  in 
which  the  tallest  self-fertilised  plant  exceeded  the  tallest  crossed. 
Nevertheless,  the  two  tallest  crossed  plants  taken  together  were 
to  the  two  tallest  self-fertilised  plants  in  height  as  100  to  80. 
Aa  yet  the  crossed  plants  wore  snporior  to  the  self-fertilised  in 
fertility;  for  twelve  flowers  on  the  crossed  plants  were  crossed 
and  yielded  ten  capsnlos,  the  seeds  of  which  weighed  I'71  grain. 
Twenty  flowers  on  the  self-fertilised  plants  wore  self-fertiliaed, 
and  produced  fifteen  capsules,  all  appearing  poor;  and  the  seeds 
from  tea  of  them  weighed  only  '68  grain,  bd  that  from  an 
equal  number  of  capsules  the  crossed  seeds  were  to  the  self* 
fertilised  is  weight  as  100  to  40. 

Creased  and  edf-fei-tiliKd  Pianta  of  the  Fijih  Generation. — Seeds 
&om  both  lots  of  the  fourth  generation,  fertilised  in  the  usual 
manner,  were  sown  on  opposite  sides  of  three  pots.  When  the 
seedlingB  flowered,  most  of  the  self-fertilised  plants  were  found 
to  consist  of  the  tal  I  white  variety.  Several  of  the  crossed  plants 
in  Pot  I.  likewise  belonged  to  this  variety,  as  did  a  very  few  in 
Pots  II.  and  III.  The  tallest  crossed  plant  in  Pot  I.  was  7  inches, 
and  the  tallest  self-fertilised  plant  on  the  opposite  sideS  inches; 
in  Pots  IL  and  III.  the  tallest  crossed  were  4j  and  6),  and  the 
tallest  self-fertilised  7  and  6i  inches  in  height;  so  that  the 
average  height  of  the  tallest  plants  in  the  two  lots  was  as  100 
for  the  crossed  to  126  for  the  self-fertilised;  and  thus  we  have 
a  complete  reversal  of  what  occurred  in  the  four  previous  gene- 
rations. NevertholesH,  in  all  three  pot«  the  crossed  plants 
retained  their  habit  of  flowering  before  the  self-fertilised.  The 
plants  were  unhealthy  from  being  crowded  and  from  the  extreme 
beat  of  the  season,  and  were  in  consequence  more  or  leas 
sterile;  bnt  the  crossed  plants  were  somewhat  less  sterile  than 
the  self-fertilised  plants. 
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Crottcd  and  nelf-fertilUcd  Plan's  o^  the  Sixth  Qeiteration. — Seeda 
from  planta  of  the  fifth  generation  crossed  and  Eelf-fertllised  in 
the  usual  raoiiDer  were  Bown  on  opposite  sides  of  eeveral  pots. 
On  the  self-fertilised  side  every  single  plant  belonged  to  the  tall 
white  rarietj.  On  the  crossed  aide  some  plants  belonged  to  this 
varietf,  bat  the  greater  number  approached  in  character  to  the 
old  and  Bhort«r  kinds  with  emaller  jeilowish  flowers  blotched 
with  coppery  brown.  When  the  plants  on  hothBidea  were  from  2 
to  3  inehee  in  height  they  were  eqna!,  but  when  fnlly  grown 
the  self- fertilised  were  decidedly  the  tallest  and  finest  planls.but, 
from  want  of  time,  they  were  not  actually  mensurcd.  In  half 
the  pots  the  first  plant  which  flowered  was  a  self-fertilised  one, 
and  in  the  other  half  a  crossed  one.  And  now  another  remark- 
able change  was  clearly  perceived,  namely,  that  the  self-fertilised 
plants  had  become  more  self-ferUle  than  the  crossed.  The 
pots  were  all  pat  under  a  net  to  esclnde  insects,  and  the  crossed 
plants  produced  spontaneously  only  fifly-fiTe  capsules,,  whilst 
the  self-fertilised  plants  produced  eighty-one  capsules,  or  as  100 
to  147.  The  seeds  from  nine  capsules  of  both  lots  were  placed 
in  separate  wateh-glasses  for  comparison,  and  the  solf-fertiUsed 
appeared  rather  the  more  numerous,  BeRides  these  aponto- 
neonsly  solf-fertilised  capsules,  twenty  flowers  on  the  crossed 
plants  again  crossed  yielded  sixteen  capsules;  twenty-five 
flowers  on  the  self-fertilised  plants  again  self-fertilised  yielded 
seventeen  capsules,  and  this  is  a  larger  proportional  number  of 
capsules  than  was  produced  by  the  self-fertilised  flowers  on  the 
Belf-fertilised  plants  in  the  previous  generations.  The  contonte 
of  ten  capeulee  of  both  these  lots  were  compared  in  sepfirate 
watch-glasses,  and  the  seeds  from  the  self-fertilised  appeared 
decidedly  more  numerous  than  those  from  the  crossed  plants. 

C'ossed  and  sdf-JrHiUsed  P/ants  of  tite  Stvenlh  Gtn-r'.lion.— 
Crossed  and  self-fertilised  seeds  from  the  crossed  and  self-ferti- 
lised plants  of  the  sixth  generation  were  sown  in  the  usual 
manner  on  opposite  sides  of  three  pots,  and  the  seedlings  were 
well  and  equally  thinned.  Every  one  of  the  self-fertihsed  plants 
(and  many  were  raised)  in  this,  as  well  as  in  the  eighth  and  ninth 
generBtions,  belonged  to  the  tail  white  variety.  Their  uniformity 
of  character,  in  compariscin  with  the  seedlings  first  raised  from 
the  purchased  seed,  was  quite  remarkable.  On  the  other  hand, 
the  crossed  plants  differed  much  in  the  tints  of  their  flowers, 
bnt  not,  I  think,  to  so  great  a  degree  as  those  first  raised. 
I  determined  this  time  to  measure  the  plants  on  both  sdo^ 
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carefu]!;.  The  Belf-fcrtiiiEed  Beedlings  camQ  tip  ralber  before  the 
eroBsed,  but  both  lote  were  for  a  time  of  equal  height.  W}ien  first 
meaenred,  the  average  height  of  the  six  tallest  crossed  plants  in 
the  thiee  pots  was  7'U2,  aud  that  of  thesis  tallest  eelf-fctlilised 
plaatB  8'97  inchte,  or  as  100  to  128.  When  fully  grown  the 
same  plants  were  agaiu  incaGured,  with  the  result  shown  in  the 
following  table: — 

Taslb  XVnL  (Seventh  Oeneration.) 


No.  of  Pot 

CrHudFluiU. 

U,-M»»>Pl.Ui. 

L 

11 

1' 

II. 

ISi 

ill 

m. 

.?! 

\l' 

Total  inchu. 

.8..3 

93 -SS 

The  average  height  of  the  six  crossed  is  here  11 '43,  and  that 
of  the  ail  Belf-fertiUeed  15  ■  64,  or  as  100  to  137. 

Ab  it  was  now  evident  that  the  tall  white  variet;  transmitted 
its  charactera  faithfully,  and  as  the  self-fertilised  plants  consisted 
exclnsivel?  of  this  variety,  it  was  manifest  that  the;  would 
always  exceed  in  height  the  crossed  plants  which  belonged 
chiefly  to  the  original  shorter  varietieB.  This  line  of  eiperiment 
was  therefore  discontinued,  and  I  tried  whether  mtercroesing 
two  self-fertilised  plants  of  the  sixth  generation,  growing  in  dia- 
tinct  pots,  would  giye  their  offspring  any  advanti^o  over  the 
ofepring  of  flowerB  on  one  of  the  same  phmta  fertilised  with  their 
own  pollen.  These  latter  seedlings  formed  the  seventh  genera- 
tion of  self-fertilised  plants,  like  those  in  the  right-hand  colnmn 
in  Table  XVIIL ;  the  crossed  plants  were  the  product  of  six 
previous  self-fortjlised  generations  with  an  intercross  in  the 
laat  generation.  The  Beeds  were  allowed  to  germinate  on  sand, 
and  were  planted  in  pairs  on  opposite  aides  of  four  pots,  all  the 
remaining  Boods  being  sown  crowded  on  opposite  sides  of  Pot 
V.  in  Table  SIX. ;  the  throe  tallest  on  each  side  in  this  latter  pot 
being  alone  measured.  AH  theplante  weretwieemeaenred — the 
fisBttiiQewhilfityoimg,andfbeaverage  height  ofthe  crossed  plants 
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I  to  that  of  the  solf-fertilised  waa  then  aa  100  to  122.    Wh«u  fullj 
I  pxiwn  they  wero  again  measured,  as  in  the  foUowing  table  :— 
Table  XIX. 


Ho.ofPirt. 

GeDBTSllpn. 

L 

iDcbn. 
12  J 

10 

15  J 

il' 

11 

II. 

Hi 

III. 

15! 

!?! 

IV. 

;i 

S 

V. 
Crowded. 

'il 

Total  in  iachei. 

159-39 

175-50 

^^^^    the  other  t 
H^^H    remarkabl] 
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The  average  height  of  the  sixteen  intercrossed  plants  ia  here 
9  ■  96  inches,  and  that  of  the  sisteen  self-fertilised  plants  10  ■  96,  or 
ea  100  to  110 ;  so  that  the  intercrossed  plants,  the  progenitors  ol 
which  had  been  self-iertilised  for  the  six  previous  generations, 
and  had  been  exposed  during  the  whole  time  to  remarkably  nni- 
fbim  conditions,  were  somewhat  inferior  in  height  U>  the  plEints 
of  the  seventh  self-fertilised  generation.  Out  as  we  shall  pre- 
sently see  that  a  similar  experiment  made  after  two  additional 
generations  of  self-fertihsatioit  gave  a  differont  result,  I  know 
not  how  far  to  trust  the  present  one.  In  three  of  the  five 
poia  is  Table  XIX.  a  self-fertilised  plant  flowered  first,  and  in 
the  other  tv70  a  crossed  plant.  These  self-fertilised  plants  were 
remarkably  fertile,  for  twenty  flowers  fertilised  with  their  own 
{K>Uen  produced  no  less  than  nineteea  very  fine  capsoles  1 
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The  effecti  of  a  Croat  with  a  distinct  Stoclr.—  Sarao&oweTS  on  the 
self-fertilised  plants  in  Pot  IV.  in  Table  SIX.  were  fertilised 
vith  their  own  pollen,  and  plante  of  the  eighth  self-fertilised 
generation  were  thus  raised,  merely  to  serve  as  parents  in  the  fol- 
lowing Bipeiiment.  ScTcral  flowers  on  these  plants  wore  allowed 
to  fertilise  thousolves  spontaneousl;  (insects  being  of  course 
excluded),  and  the  plants  raised  from  these  seeds  formed  the 
ninth  self-fertilised  generation ;  they  consisted  wholly  of  the  tall 
white  variety  with  crimBon  blotches.  Other  flowers  on  the 
BUne  plants  of  the  eighth  self-fertilised  generation  were  crossed 
with  pollen  taken  from  another  plant  of  the  same  lot ;  so  that 
the  seedlings  thus  raised  were  the  offsfiring  of  eight  previous 
generations  of  self-fertilisation  with  an  intercross  in  the  last 
generation ;  these  I  will  call  the  irdtrcrossed  plaiUt.  Lastly, 
other  flowers  on  the  same  plants  of  the  eighth  self-fertilised 
generation  were  crossed  with  pollen  taken  from  plants  which  had 
been  raised  from  seed  procured  from  a  garden  at  Chelsea.  The 
Chelsea  plants  bore  yellow  flowers  blol«hed  with  red,  but  difiered 
in  no  other  respect.  Theyhadbeengrownoutof  doors,  whilst 
mine  had  been  cultivated  in  pots  in  the  greenhouse  for  the 
last  eight  generations,  and  in  a  differeut  kind  of  boiL  The 
seedlings  raised  from  this  cross  with  a  wholly  different  stock 
may  be  called  the  "  Chehea-croued."  The  three  lots  of  seeds 
thus  obtained  were  allowed  to  germinate  on  bare  sand;  and 
whenever  a  seed  in  all  three  lots,  or  in  only  two,  germinaliod  at 
the  same  time,  they  were  planted  in  pots  supeificially  divided 
into  three  or  two  compartmenta.  The  remaining  seeds, 
whether  ot  not  in  a  state  of  germination,  were  thiekly  sown  in 
three  divisions  in  a  large  pot,  X.,  in  Table  XX.  When  the  plants 
had  grown  to  their  full  height  they  were  measured,  as  shown  in 
the  following  table ;  but  only  the  three  tallest  plants  in  each  of 
the  three  divisions  in  Pot  X.  were  measured. 

In  this  table  the  average  height  of  the  twenty-eight  Chelsea- 
crossed  plants  is  21  ■  62  inches ;  that  of  the  twenty-seven  inter- 
dossed  plants  12 '2;  andthatof  the  nineteen  self-fertilised  10'14. 
But  with  respect  te  the  latter  it  will  be  the  fairest  plan  to  strike  out 
two  dwarfed  ones  (only  4  inches  in  height),  so  as  not  to  eia^erat« 
the  inferiority  of  the  self-fertilised  plants;  and  this  will  raise  the 
average  height  of  the  seventeen  remaining  sotf-fertilisod  plants 
to  11-2  inches.  Therefore  the  Chelsea-crossed  are  to  the  inter- 
crossed in  height  as  100  to  56 ;  the  Chelsea-crossed  to  the  self- 
fertilised  as  100  to  52 ;  and  the  intercrossed  to  the  self-fertilised 
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Tablk  XX. 

■ 

Fluti  from  SElf- 

™,„ 

Oeni^nlloii  from 

I 

Cheliei  Fknta. 

Eigbth&ir-ftrti- 

FJKbth  Salf-fertl- 

Inrt«. 

Inchee. 

Inchfs. 

1 

L 

SI 
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13] 

91 
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u. 

20  S 

na 

111 

1 
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H 

I2I 

III. 

23  i 
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■ 

as| 

4 

IF. 

SS| 

H 

i3i 

I 

IT 

T. 

231 

8 

n 

■ 
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13  J 

VL 

2B} 

18! 

I 

I2i 

181 

vn. 

13) 

15 

24| 

151 

I 

l^j 
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7III. 

22  S 
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■ 

14| 

IX. 

22  g 

IM 

^ 

20  J 

l*i 

X. 

181 

9| 
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ta 
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"1 
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the  Ghelsca-croBBod  are  to  the  intercrossod  imd  to  the  self- 
fertilised  plants.  Ihej  b^an  to  show  their  snperiorit;  when 
only  one  inch  high.  Thej  were  also,  when  fully  grown,  mnoh 
more  branched  with  larger  leavcB  and  somewhat  larger  flowers 
than  the  plants  of  the  other  two  lots,  so  that  if  they  had  been 
weighed,  the  ratio  would  certainly  have  boen  much  higher  than, 
that  of  100  to  56  and  52. 

The  intercrossed  plants  are  here  to  the  aelf-feitilised  in 
height  as  100  to  92;  whereas  in  the  analogous  experiment 
(pveD  in  Table  XIX.  the  intorcroGsed  plants  from  the  eelf- 
fertilised  plants  of  the  sixth  generation  were  inferior  in  height 
to  the  solf-fortilified  plants  in  the  ratio  of  100  to  110.  I 
doubt  whether  this  discordance  in  the  reenlta  of  the  two 
experiments  can  be  explained  by  the  self-fertilised  plants  in  the 
present  case  having  been  raised  from  spontaneously  self- 
fertilised  seeds,  whereas  in  the  former  case  they  were  raised 
from  artificially  self-fcrtiliBed  seeds;  nor  by  the  present  plants 
having  been  self- fertilised  during  two  additional  generations, 
though  this  is  a  more  probable  explanation. 

With  reHpect  to  fertility,  the  twenty-eight  Chelseanirossed 
plants  produced  272  capsules;  the  twenty-seven  intercrossed 
plants  produced  24;  and  the  seventeen  self-fertilised  plants  17 
capsules.  All  the  plants  were  left  uncovered  so  as  to  be  naturally 
fertilised,  and  empty  capsules  were  rejected 

Capndet. 

Therefore  20  Chelsea-crossed  plants  would  have  produced  194  ■  29 

„        20  Intercrossed  plants  „  „  17-77 

20  Self-fertilised  plants  „  „  20  ■  00 

Oralnt. 

The  seeds  contained  in  8  capsules  from  tlie  Ohelsea-  )  i.i 

crossed  plants  weighed    .....         f 
The  BBeds  contained  in  8  capsnlea  from  the  Intercrossed  I  n-Ki 

plants  weighed        ......) 

The  seeds  oontsined  in  8  oapaulee  from  the  Self-fertilised  )  g.33 

plants  weighed        ...•..) 
If  we  combine  the  number  of  capsules  produced  together  with 
(he  average  weight  of  contained  seeds,  we  get  the  following 
extraordinary  ratios : 
Weight  of  seed  produced  by  the  same  nnmber  1        .jy, .    . 

of  Chelsea-crossed  and  intercrossed  plants    ,   ) 
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ifeight  of  seed  prodaced  by  tho  eamo  number  i 
of  Chelsea-crossed  and  self-fertOised  plaute 
Klffeight  of  seeds  produced  hj  tbe  same  number  ) 
of  intercrossed  and  Belf-fertiliBed  plants 

It  is  also  a  remarkable  fact  that  the  ChelBear^rossed  plante 
Peiceeded  the  two  other  lots  in  hardinesB,  ae  greatly  as  they  did 
in  height^  Inxurjauce,  and  fertility.  In  the  early  aatunuiinost  of 
the  pots  were  bedded  out  in  the  open  ground ;  and  this  always 
injures  plants  which  have  been  long  kept  in  a  warm  greenhouse. 
All  three  lots  consequently  snfTered  greatly,  but  the  Cbelsea- 
orosaed  plants  much  less  than  tke  other  two  lots.  On  the  3rd  of 
October  the  Chelsea-crossed  plants  began  to  flower  again,  and 
Goutiniied  to  do  so  for  some  time ;  whilst  not  a  single  Sower  was 
produced  by  the  plants  of  the  other  two  lots,  the  stems  of  which 
were  cut  almost  down  to  the  gronud  and  seemed  half  dead. 
Early  in  December  there  was  a  sharp  &ost,  and  the  stems  of 
Chslsea-crossed  were  now  cut  down ;  hut  on  the  23rd  of  December 
they  began  to  ahoot  np  again  from  the  roots,  whilst  all  the  plants 
of  the  other  two  lota  were  quit«  dead. 

Although  BBYeral  of  the  eelf-fertilised  Eeeds,  from  which  the 
plants  in  the  right-hand  column  in  Table  XX.  were  raisefi,  germi- 
nated (and  were  of  course  rejected)  before  any  of  those  of  the 
other  two  lots,  yet  in  only  one  of  the  ten  pots  did  a  self- 
fertiliBod  plant  flower  before  the  Chelsea-crossed  or  tJie  int«r- 
oroesed  plants  growmg  in  the  same  pots.  The  plants  of  these 
two  latter  lota  flowered  at  the  same  time,  though  the  Chelsea- 
crossed  grew  BO  much  taller  and  more  Tigorously  than  the 
intercnssed. 

As  already  stated,  the  flowers  of  the  plants  originally  raised 
from  the  Ohelsea  seeds  were  yellow ;  and  it  deserres  notice  that 
every  one  of  the  twenty-eight  seedlings  raised  from  the  tall 
whitfi  Tariety  fertilised,  without  being  castrated,  witli  pollen 
from  the  Chelsea  plants,  produced  yellow  flowers ;  and  this 
shows  how  prepotent  this  colour,  which  is  the  natural  one  of 
the  species,  is  over  the  white  colour. 

Tht  Effeeti  on  the  Offspring  of  intercroKBing  FJoicers  on  the 
■ante  ftant,  itutead  of  crossing  distinct  Individuals. — In  all  the 
fort^oing  experiments  the  crossed  plants  were  the  product  of  a 
raoes  between  distinct  plants.  I  now  selected  a  very  yigorous 
plant  in  Table  XX.,  raised  by  fertilising  a  plant  of  the  eighth 
•elf-fertilised  generation  with  pollen  from  the   Chelsea  stock. 


\ 
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Seyeral  flowers  on  this  plant  were  crossed  with  pollen  from  other 
flowers  on  the  same  plant,  and  several  other  flowers  were 
fertilised  with  their  own  pollen.  The  seed  thns  produced  was 
allowed  to  germinate  on  bare  sand ;  and  the  seedlings  were 
planted  in  the  usual  manner  on  the  opposite  sides  of  six 
pots.  All  the  remaining  seeds,  whether  or  not  in  a  state  of 
germination,  were  sown  thickly  in  Pot  VTE. ;  the  three  tallest 
plants  on  each  side  of  this  latter  pot  being  alone  measured.  As  I 
was  in  a  hurry  to  learn  the  result,  some  of  these  seeds  were  sown 
late  in  the  autumn,  but  the  plants  grew  so  irregularly  during 
the  winter,  that  one  crossed  plant  was  28^  inches,  and  two 
others  only  4,  or  less  than  4  inches  in  height,  as  may  be  seen 
in  Table  XXI.  Under  such  circumstances,  as  I  have  observed 
in  many  other  cases,  the  result  is  not  in  the  least  trust- 
worthy; nevertheless  I  feel  boimd  to  give  the  measurements. 

Table  XXL 


1 

No.  of  Pot 

Plants  raised  from  a 
Cross  between  dif- 
ferent Flowers  on  the 
same  Plant 

Plants  raised  trcm 

Flowers  fertilised 

with  their  own 

Pollen. 

L 

Inches. 
17 
9 

Inches. 
17 

H 

Q. 

28 
16 
13 

'I' 
2 

III. 

4 
2| 

IS' 

IV. 

28| 
15| 

?i 

V. 

7 

13| 
I* 

VI. 

\l' 

vn. 

Crowded. 

21 

"1 

111 

Total  inches. 

210*88                     140-75 
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The  fifteen  crossed  plants  here  average  li-05,  and  tho  fifteen 
seU-fertiliBed  plants  9 '38  in  height,  or  as  100  to  C7.  But  if 
all  the  plants  nnder  ten  inches  in  height  are  etruck  ont,  the  ratio 
of  the  eleven  crossed  plants  to  the  eight  self-fertiliEed  plants 
is  as  100  to  82. 

On  the  foUowing  spring,  some  remaining  seeils  of  tho  tw5 
lots  were  treated  in  eiaotl?  the  same  manner;  and  themeasure- 
^^Bts  of  the  seedhngs  are  given  in  the  following  table  ;— 

^B                                     Table  XXn. 

1 

No.  of  Pol. 

Plant!  raised  l¥c>m  s 
Baine"pun™ 

PlMiU  rUsed  from 
»ltli''lie  ™o™  r^lm. 

I. 

'1' 

lOi 

InchfB, 

lej 

EO 

12a 

n. 

16] 
IS 

sol 

111 
19 
17  J 

m. 

"I 

12| 

ly. 

10) 

isj 

5:i 

V. 

3S| 

!li 

VL 

15 

ill 

TIL 

13) 

7 

vm. 

Crowded. 

18 

18 
18 

20 
17 
IS 
15 

ToUl  in  inches. 

370-88         1              3S3'63 
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Here  the  flTeratre  lioight  of  the  twenty-two  crossed  plants  is 
16  ■  86,  and  that  of  the  twenty-two  self-fertilised  plants  16  ■  07 ;  ot 
as  100  to  95.  But  if  four  of  the  plants  ia  Pot  VII.,  which  are 
much  shorter  than  any  of  the  others,  are  struck  out  (and  this 
would  be  the  fairest  plan),  the  twenty-one  crossed  are  to  the 
nineteen  eelf-fertilisad  plaute  in  height  as  100  to  100  ■  6 — that  is, 
are  equal.  All  the  plants,  except  the  crowded  ones  in  Fot  VUI., 
after  teing  menBurod  were  cut  down,  and  the  eighteen  crossed 
plants  weighed  10  oz.,  whilst  the  same  number  of  se!f-fertiliBod 
plants  weighed  101  oz.,  or  as  100  to  102-5;  but  if  the  dwarfed 
plants  in  Pot  VII.  had  been  excluded,  the  self-fertilised  would 
have  exceeded  the  crossed  iu  weight  In  a  higher  ratio.  In  all 
the  previous  experiments  in  which  seedlings  were  raised  from  a 
cross  between  distinct  plants,  and  were  put  into  competitioa 
with  self-fertilised  plants,  the  former  generally  flowered  first ; 
but  in  the  present  case,  in  eeven  out  of  the  eight  pots  a 
self-fertilised  plant  flowered  before  a  crossed  one  on  the 
opposite  side.  Considering  all  the  evidence  with  respect  to 
the  plants  in  Table  XXII.,  a  cross  between  two  flowers  on  the 
same  plant  seems  to  giye  no  advantage  to  the  ofepring  thus 
produced,  the  Belf-fertllised  plantfi  being  in  weight  auperior.  But 
this  conclusion  cannot  be  absolutely  trusted,  owing  to  the 
measurements  given  in  Table  XXI.,  though  these  latter,  from 
the  caiiBo  already  assigned,  are  very  much  less  trustworthy  than 
the  present  ones, 


Summary  of  Observations  on  Mimulus  luteus. — In  the 
three  first  generations  of  crossed  and  self -fertilised 
plants,  the  tallest  plants  alone  on  each  side  of  the 
several  pots  were  measured ;  and  the  average  height 
of  the  ten  crossed  to  that  of  the  ten  self-fertilised 
plants  was  as  100  to  64.  The  crossed  were  also  much 
more  fertile  than  the  self-fertilised,  and  so  much 
more  vigorous  that  they  exceeded  them  iu  height,  even 
when  sown  on  the  opposite  side  of  the  same  pot  aftei 
in  interval  of  four  days.  The  same  superiority  wa« 
likewise  shown  in  a  remarkable  manner  when  both 
kiuda  of  seeds  were  sown  on  the  opposite  sides  of  a  pot 
with  very  poor  earth  full  of  the  roote  of  another  plant. 
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Ib  one  instance  crossed  and  aelf-fertiliaed  aeedlings, 
grown  in  rich  soil  and  not  put  into  competition  with 
each  other,  attained  to  au  equal  height.  When  we 
come  to  the  fourth  generation  the  two  tallest  crossed 
plants  taken  together  exceeded  by  only  a  little  the  two 
tallest  self-fettilised  plants,  and  one  of  the  latter  beat 
its  crossed  opponent, — a  circumstance  which  had  not 
occurred  in  the  previous  generations.  This  victorious 
Belf-fertilised  plant  consisted  of  a  new  white-flowered 
Tariety,  which  grew  taller  than  the  old  yellowish 
varieties.  From  the  first  it  seemed  to  be  rather  more 
fertile,  when  self-fertilised,  than  the  old  varieties,  and 
in  the  succeeding  self-fertilised  generations  became 
more  and  more  aelf-fertile.  In  the  sixth  generation  the 
self-fertilised  plants  of  this  variety  compared  with  the 
crossed  plants  produced  capsules  in  the  proportion 
of  147  to  100,  both  lots  being  allowed  to  fertilise 
themselves  spontaneously.  In  the  seventh  generation 
twenty  flowers  on  one  of  these  plants  artificially 
self-fertilised  yielded  no  less  than  nineteen  very  fine 
capsules ! 

This  variety  transmitted  its  characters  so  faithfully 
to  all  the  succeeding  self-fertilised  generations,  up  to 
the  last  or  ninth,  that  all  tlie  many  plants  which  were 
raised  presented  a  complete  uniformity  of  character; 
thus  offering  a  remarkable  conti'ast  with  the  seedlings 
raised  from  the  puichased  seeds.  Yet  this  variety 
retained  to  the  last  a  latent  tendency  to  produce 
yellow  flowers ;  for  when  a  plant  of  the  eighth  self- 
fertilised  generation  was  crossed  with  pollen  from  a 
yellow-flowered  plant  of  the  Chelsea  stock,  every 
^gle  seedling  bore  yellow  flowers.  A  similar  variety, 
at  least  in  the  colour  of  its  flowers,  also  appeared 
amongst  the  crossed  plants  of  the  third  generation. 
No  attention  was  at  first  naid  to  it,  and  I  know  not 


80  MIMULUS   LUTBC8.  Ohai-.  lU. 

how  far  it  was  at  first  used  either  for  crossing  or  Belf- 
fertUiaation.  In  the  fiftt  generation  most  of  the 
self-fertiliaed  plants,  and  in  the  sixth  and  all  the 
succeeding  generations  every  single  plant  consiatBd  of 
this  variety ;  and  this  no  doubt  was  partly  due  to  its 
great  and  increasing  self-fertility.  On  the  other 
hand,  it  disappeared  from  amongst  the  crossed  plants 
in  the  later  generations ;  and  this  was  probably 
due  to  the  continued  intercrossing  of  the  several 
plants.  From  the  tallness  of  this  variety,  the  self- 
fertilised  plants  exceeded  the  crossed  plants  in  height 
in  all  the  generations  from  the  fifth  to  the  seventh 
inclusive;  and  no  doubt  would  have  done  so  in  the 
later  generations,  had  they  been  grown  in  competition 
with  one  another.  In  the  fifth  generation  the  crossed 
plants  were  in  height  to  the  self-fertilised,  as  100  to 
126 ;  in  the  sixth,  as  100  to  147  ;  and  in  the  seventh 
generation,  as  100  to  137.  Thia  exc^s  of  height  may 
be  attributed  not  only  to  this  variety  naturally  growing 
taller  than  the  other  plants,  but  to  its  possessing  a 
peculiar  constitution,  so  that  it  did  not  suffer  from 
continued  self-fertilisation. 

This  variety  presents  a  strikingly  analogous  case  to 
that  of  the  plant  called  the  Hero,  which  appeared  in 
the  sixth  self-fertilised  generation  of  Ipomtea.  If 
the  seeds  produced  by  Hcj'o  had  been  as  greatly  in 
excess  of  those  produced  by  the  other  plants,  as  was  the 
case  with  Mimnlus,  and  if  all  the  seeds  had  been 
mingled  together,  the  offspring  of  Hero  would  have 
increased  to  the  entire  exclusion  of  the  ordinary 
plants  in  the  later  self-fertilised  generations,  and  from 
naturally  growing  taller  would  have  exceeded  the 
crossed  plants  iu  height  in  each  succeeding  generation. 
Some  of  the  self-fertilised  plants  of  the  sixth  gene- 
fe  ration  were  intercrossed,  as  were  some  in  the  eighth 
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generation ;  and  the  aeedlings  from  these  crosses  were 
grown  in  competition  with  aelf-fertiiised  plants  of  the 
two  corresponding  generations.  In  the  first  trial  the 
intercrossed  plants  were  less  fertile  than  the  self- 
fertilised,  and  leas  tall  in  the  ratio  of  100  to  110. 
In  the  second  trial,  the  intercrossed  plants  were  more 
fertile  than  the  self-fertiliaed  in  the  ratio  of  100  to 
73,  and  taller  in  the  ratio  of  100  to  92.  Notwith- 
standing that  the  self-fertiliaed  plants  in  the  second 
trial  were  the  product  of  two  additional  generations 
of  self-fertilisation,  I  cannot  understand  this  discor- 
dance in  the  results  of  the  two  analogous  experimenta. 

The  most  important  of  all  the  experiments  on 
Mimnlua  are  those  in  which  flowers  on  plants  of  the 
eighth  self-fertilised  generation  were  again  self-ferti- 
lised ;  other  flowers  on  distinct  plants  of  the  same  lot 
were  intercrossed  ;  and  others  were  crossed  with  a  new 
stock  of  plants  from  Chelsea.  The  Chelsea-crossed 
seedlings  were  to  the  intercrossed  in  height  as  100  to 
50,  and  in  fertility  as  100  to  4 ;  and  they  were  to  the 
self-fertilised  plants,  in  height  as  100  to  52,  and  in 
fertility  as  100  to  3.  These  Chelsea-crossed  plants 
were  also  much  more  hardy  than  the  plants  of  tho 
other  two  lots ;  so  that  altogether  the  gain  from  the 
cross  with  a  fresh  stock  was  wonderfully  great. 

Lastly,  seedlings  raised  from  a  cross  between  flowers 
on  tho  same  plant  were  not  superior  to  those  from 
flowers  fertilised  with  their  own  pollen ;  but  this  result 
cannot  be  absolutely  trusted,  owing  to  some  previous 
observations,  which,  however,  were  made  under  very 

bTonrable  circumstances. 

DiorrALiB  pcEPUBBA. 
flcnrers  of  the  common  Foxglove  are  protcjandrons ;  that 
pollen  ia  mature  and  mostly  shed  before  the  stigma  of 
flower  is  ready  for  fertilisation.    This  is  eifected  by 
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ihe  larger  hnmUe-beeB,  which,  whilst  in  soarch  of  Doctar,  carrj 
pollen  from  flower  to  flower.  The  two  upper  and  longer 
atamenB  shed  their  jMllen  before  the  two  lower  and  ehorter 
ones.  The  meaning  of  this  fact  probably  is,  as  Dr.  Ogle  re- 
marks,* that  the  antiera  of  the  longer  stamens  stand  near  to 
the  Gtigma,  so  that  thej  would  be  the  most  likely  to  fertilise  it ; 
and  OS  it  is  an  advantage  to  avoid  ^If-fertilisation,  they  shed 
their  pollen  first,  thus  lessening  the  chance.  There  is,  however, 
but  little  danger  of  self-fertilisation  nntil  the  bilid  stjgnia 
opens ;  for  Hildebrand  f  fonnd  that  pollen  placed  on  the  stigma 
before  it  had  opened  produced  no  effect.  The  anthers,  which 
are  large,  stand  at  first  transversely  with  respect  to  the  tubnlar 
corolla,  and  if  they  were  to  dehisce  in  this  position  they  would, 
08  Dr.  Ogle  also  remarks,  smear  with  pollen  the  whole  back  and 
sides  of  an  entering  humble-bee  in  a  useless  manner ;  bat  the 
anthers  twist  round  and  place  themselves  longitudinally  before 
they  dehisce.  The  lower  and  inner  side  of  the  mouth  of  the 
corolla  is  thickly  clothed  with  hairs,  and  these  collect  bo  much 
of  the  fallen  pollen  that  I  have  seen  the  under  surface  of  a, 
hnmble-bee  thickly  dusted  with  it;  but  this  can  never  be  ap- 
plied to  the  Btigma,  as  the  bees  in  retreating  do  not  turn  their 
under  surfaces  upwards.  I  wae  therefore  puzzled  whether  these 
hairs  were  of  any  use ;  but  Mr.  Belt  has,  I  think,  explained 
their  use :  the  smaller  kinds  of  bees  are  not  fitted  to  fertilise 
the  flowers,  and  if  they  were  allowed  to  enter  easily  they  would 
steal  much  nectar,  and  fewer  large  l«ea  would  haunt  the 
Humble-bees  can  crawl  into  the  dependent  flowers 
with  the  greatest  case,  using  the  "  hairs  as  footholds  while 
sucking  the  honey ;  but  the  smaller  bees  ore  impeded  by 
them,  and  when,  having  at  length  struggled  through  them,  they 
reach  the  slippery  precipice  above,  they  are  completely 
bafSed."  Mr.  Selt  says  that  he  watched  many  Sowers  during 
a  whole  season  in  North  Wales,  and  "  only  once  saw  a  small 
bee  reach  the  nectary,  thongh  many  were  seen  trying  in  vain  to 
do  HO."  X 

1  covered  a  plant  growing  in  its  native  soil  in  North  Wales 
with  a  net,  and  fertilised  six  flowers  each  with  its  own  pollen. 


•  'Popular    Scienea   Boview, 
Jan.  1870,  p.  EG. 

t  '  Geschleobter  -  Verthi 
bei  den  PHanzen,'  1807,  p.  1 
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and  six  others  with  pollen  from  a  distinct  plant  growing  within 
the  distance  of  a  few  feet.  The  eovered  plant  was  occasionally 
shaken  with  violence,  so  as  to  imitate  the  effects  of  a  gale  of 
wind,  and  thus  to  facilitate  as  far  as  possible  self-fertilisation. 
It  bore  ninety-two  flowers  (besides  the  dozen  artificially  ferti- 
lised), and  of  these  oniy  twenty-four  produced  capsules ;  whereas 
almost  all  the  flowers  on  the  surrounding  uncovered  plants  were 
fnutfnl.  Of  the  twenty-four  spontaneously  aelf-fertilisod  cap- 
sules, only  two  contained  their  full  complement  of  seed ;  six 
contained  a  moderate  supply ;  and  the  remaining  sixteen  ex- 
tremely few  seeds.  A  little  pollen  adhering  to  the  anthers  after 
they  hod  deliisoed,  and  accidentally  felling  on  tlie  stigma  when 
mature,  must  have  been  the  means  by  which  the  above  twenty- 
four  flowers  were  partially  self-fertilised ;  for  the  margins  of  the 
corolla  in  withering  do  not  curl  inwards,  nor  do  the  flowers  in 
dropping  off  turn  round  on  their  ases,  so  as  to  bring  the  pollen- 
covered  hairs,  with  which  the  lower  surface  is  clothed,  into  con- 
tact with  the  stigma— by  either  of  which  means  self  fertilisation 
might  bo  effected. 

Seeds  from  the  above  crossed  and  self-fertilised  capsules,  after 
germinating  on  bare  sand,  were  planted  in  pairs  on  the  opposite 
sides  of  five  moderate! y-eized  pots,  which  were  kept  in  the  green- 
house. The  plants  after  a  time  appeared  starved,  and  wore 
therefore,  without  being  disturbed,  turned  out  of  their  pots,  and 
planted  in  the  open  ground  in  two  close  parallel  rows.  They 
were  thus  subjected  to  tolerably  severe  competition  with  one 
another;  but  not  nearly  so  severe  as  if  they  had  been  left  in  the 
pots.  At  the  lime  when  they  were  tnrned  out,  their  leavefi  were 
between  5  and  8  inches  in  length,  and  the  longest  leaf  on 
tlie  finest  plant  on  each  side  of  each  pot  was  measured,  with  the 
result  that  the  leaves  of  the  crossed  plants  esceeded,  on  an 
average,  those  of  the  self- fertilised  plants  i>y  '1  of  an  inch. 

In  tbe  following  summer  the  tallest  flower-istem  on  each  plant, 
when  fully  grown,  was  measured.  There  were  seventeen  crossed 
plante ;  but  one  did  not  prodace  a  flower-stem.  Thero  were  also, 
originally,  eevenleen  self-fertilised  plants,  but  these  bad  snch 
poor  constitutions  that  no  less  than  nine  died  in  the  course  of 
the  winter  and  spring,  leaving  only  eight  to  be  measured,  as  in 
the  following  table :— 


' 


si  DIGITALIS  PUKPDBBA,  OttAP.  Dl. 

tablb  xxm. 

Tht  tallest  Fioivgr-slem  on  tach  Plant  mtatured :  0  mxam  thai 
the  Plant  died  be/ure  a  Flower-Item  viaa  prodaixd. 


No.oM>ol. 

Crowd  Plmlii.      |  Self-BiUllMil  PLuita. 

loiO^. 

1. 

S'l 

55} 

571 

0 

n. 

39 

sal 

33 

eal 

91 

m. 

67 

fi3J 

S3 

50 

0 

37 

»       1 

IV. 

Mi 

B7| 

i 

V 

53 

0 

0 

3*1 

0 

Total  in  inches. 

821-25 

387 -00 

I 


The  avei-^e  height  of  the  flomor-stoms  of  the  siiteon  crossed 
plants  is  here  51*33  JDchee;  and  that  of  the  eight  eelf-fertilised 
plants, 35-87;  or  as  100  to  70.  But  tliis  differonce  in  height  d< 
not  give  at  all  a  fait  idea  of  the  vast  superiorit;  of  the  croesed 
plants.  These  latter  produced  altogether  sizty-four  flower-stems, 
each  plant  producing,  on  an  average,  esactlj  four  flower-stems; 
whereas  the  eight  self-fertilised  plants  produced  only  fifteen 
Bower-stems,  each  producing  an  average  odI;  of  1'87  stems,  aild 
these  bad  a  less  luxuriant  appearance.  We  may  pnttberesnlt  in 
another  way :  the  namber  of  flower-stems  on  theorossed  plants  was 
to  those  on  an  equal  number  of  self-fertilised  plants  as  100  to  4B. 

Three  crossed  seeds  in  a  state  of  germination  were  also  planted 
in  tbiee  separate  pots ;  and  three  self-fertilised  seeds  in  the 
Bame  Btato  in  three  other  pots.  These  plants  were  therefore 
at  first  exposed  to  no  competition  with  one  another,  and  when 
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turned  out  of  their  pota  into  the  open  ground  they  were  planled 
at  a  moderate  distance  apart,  bo  that  thoy  were  oxposfd  to  much 
lees  severe  competition  than  iu  the  tost  case.  The  longest  leaves 
on  the  three  crossed  plants,  when  turned  out,  eiceoded  those  on 
the  self-fertilised  plants  by  a  mtre  trifle,  viz.,  on  an  average  by 
■17  of  an  inch.  When  fully  grown  the  three  crossed  plants 
produced  twenty-six  fiower-stoms ;  the  two  tallest  of  which  on 
each  plant  were  on  an  average  M'04  inches  in  height.  The 
three  self-fertilised  plants  produced  twenty-three  flower-sterna, 
the  two  tallest  of  which  on  each  plaut  had  an  average  height  of 
46 'IS  inches.  8o  that  the  diSerence  between  these  two  lots, 
which  hardly  compet«d  together,  is  much  less  than  io  the  last 
case  when  there  was  moderately  severe  competition,  namely,  as 
100  to  85,  instead  of  as  100  to  70. 

The  Effects  on  the  Offsj/riiig  of  inlereroaaing  different  Fluwtrson 
the  same  Plavi,  insltad  of  crossing  distinct  IndCviduals. — A  fine 
plant  growing  in  my  garden  (one  of  the  foregoing  seedlings)  waa 
covered  with  a  net,  and  six  flowers  were  crossed  with  polien  from 
another  flower  on  the  same  plant,  and  six  others  were  fertihaed 
with  thfiir  own  pollen.  All  produced  good  capsules.  The  seeds 
from  each  were  placed  in  Geparat«  watch^glaesea,  and  no  difference 
conld  be  perceived  by  tbo  eye  between  the  two  tots  of  seeds; 
and  when  they  were  weighed  there  was  bo  diflerence  of  any  sig- 
niQcance,  as  the  seeds  from  the  self-fertilised  capsules  weighed 
7'65  grains,  whilst  those  from  the  crossed  capeulea  weighed 
7'7  grains.  Therefore  the  sterility  of  the  present  species,  when 
jnsocts  are  exeluded,  is  not  due  to  the  impotence  of  pollen 
on  the  stigma  of  the  same  flower.  Both  lots  of  seeds  and  seed- 
lings were  treated  in  exactly  tlie  same  manner  as  iu  the  previous 
table  (XXIII.),  excepting  that  after  the  pairs  of  germinating  seeds, 
had  been  planted  on  the  opposite  sides  of  eight  pots,  all  the 
remaining  seeds  were  thickly  sown  on  the  opposite  sidea  of  Pots  IX. 
and  X.  m  Table  XXIV.  The  young  plants  during  the  following 
spring  were  torned  out  of  their  pots,  without  being  disturbed, 
and  planted  in  tho  open  ground  in  two  rows,  not  very  close 
together,  so  that  they  were  subjected  to  only  moderately  severe 
competition  with  one  another.  Very  diflurently  to  what  occurred 
in  the  first  experiment,  wlion  tlie  plants  were  subjected  to 
somewhat  severe  mutual  competition,  an  equal  number  on  each 
sdo  either  died  or  did  not  produce  flowet'bteius.  The  tallest 
D  the  surviving  plants  were  measured,  ae  shown  in 

•  following  t«b]e : 


^^^Hjbver^tfims 
^^^Ki  following 
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tabls  xxry. 

N^.  0  ^tx^fiet  that  the  Float  died,  or  did  not  produce  a  Floats 


No.o[Pot. 

PLinu  nlwd  Ihai  B 
Cr»a  bctveea  dJf- 

PlinUrBlsHUmni 

HIDO  Pluil. 

IlUbH. 

L 

49| 
46J 

tl> 

is\ 

0 

II. 

"1 

471 

aai 

III. 

5*i 

"1 

IV. 

S2| 

*i| 

*([ 

»'l 

V. 

*81 

4!1 

*oi 

4J| 

VI. 

m 

471 

461 

4«i 

VII. 

48 1 

S5 

40| 

vm. 

4B] 

s»l 

49 

Crowdrf  PUnU 

50| 

48i 

ai| 

X. 

4S 

47  J 

Cronded  Plant*. 

35 
04 

41 

"i 

17 

"1 

Total  inohai. 

1078 '00 

895-38 

t 
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The  a'pewge  height  of  the  ftawer-atema  on  the  twenfy-five 
crossed  plants  in  all  the  pots  taken  together  is  43'12  inches,  and 
that  of  the  twentj-iive  self- fertilised  plants  39B2,  orsB  100  to 
92.  In  order  to  tost  this  result,  the  plants  planted  in  pairs  in 
Pots  I.  to  VIII.  were  considered  by  themselves,  and  the  average 
height  of  the  sixteen  crosted  plants  is  here  44*9,  and  that  of  the 
sixteen  Belf-fertilised  plants  4'i'03,  or  as  100  to  94.  Again,  the 
planta  raised  from  the  thickly  sown  seed  in  Fota  IX.  and  X., 
which  were  Bul>jecteii  t*)  very  severe  mntnal  competition,  were 
taken  by  ttieniBelTes,  and  the  average  height  of  the  nine  crossed 
plantaiB39'86,and  thatof  the  nine  self-fertilised  plants  3u '  88,  or 
as  100  to  90.  The  plants  in  these  two  latter  pots  (IX.  and  X.), 
ftfter  being  measared,  were  ont  down  close  to  the  gronnd  and 
weighed:  the  nine  crossed  plants  weighed  57-60  ounces,  and 
the  nine  self-fertilJBed  plants  45 ''J5  ounces,  or  as  100  to  78.  On 
the  whole  we  may  conclude,  especially  from  the  evidence  of 
weight,  that  seedlings  from  a  cross  Ivetween  flowers  on  the  same 
plant  have  a  decided,  though  not  great,  advantage  over  those 
from  flowore  fertilised  with  their  own  pollen,  more  especially 
in  the  case  of  the  plants  subjected  to  severe  mntoal  competition. 
But  the  advantage  is  much  less  than  that  exhibited  by  the 
crosaed  offspring  of  distinct  plants,  for  these  exceeded  the  self- 
fertilised  plants  in  height  as  100  to  70,  and  in  the  number  of 
flower-stems  as  100  to  48.  Digitalis  thns  diffors  from  Ipomfea, 
and  almost  certainly  from  Mimulus,  as  with  these  two  species 

tl  oross  between  flowers  on  the  same  plant  did  no  good. 
\  Calceolaria. 

A  buthy  greeahoaie  varieiy,  teith  yeUme  Jloiceri  Uoldied  vtilh  purpls. 
Tlie  flowers  in  this  geous  ore  constructed  bo  fis  to  favour  or 
almost  onsare  cross-fertilisation;*  and  Mr.  Anderson  remarkat 
that  extreme  care  is  necessary  to  exclude  insects  in  order  to 
preserve  any  kind  true.  He  odds  the  interesting  statement,  thot 
when  the  corolla  in  cut  quite  away,  insects,  as  far  as  he  has  seen, 
never  discover  or  visit  the  flowers.  This  plant  is,  however,  self- 
fertile  if  insects  are  excluded.  So  few  experiments  were 
made  by  me,  that  they  are  hardly  worth  giving.  Crossod  and 
Belf-fertilised  seeds  were  sown  on  opposite  sides  of  a  pot,  and 

Hlldobrund,    bs  quoted   by  f  '  Qardenotii'  Chronicle,'  1868, 

Mailer,    >  EHo  Bifruchtaog      p.  &31. 
-  '  1873,  p.  277. 
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after  H  time  tho  crossed  eoedlingB  alightl;  exceeded  the  self- 
fertilised  in  height.  When  a  little  furtber  grown,  the  longest 
leaves  on  the  former  were  very  nearly  3  inches  in  length, 
whilst  those  on  the  self-fertilised  plants  were  only  2  inches. 
Owing  to  an  accident,  and  to  the  pot  being  too  small,  only  one 
plant  on  each  side  grew  up  and  lowered ;  the  crossed  plant  waa 
191  inches  in  height,  and  the  self-fcctiliaed  one  15  inches;  or  aa 
100  to  77. 

Lor  ARIA  vulqaris. 

It  has  been  mentioned  in  the  introductory  chapter  that  two 
large  beds  of  this  plant  were  raised  by  me  many  years  ago  from 
crossed  and  self-fertilised  seeds,  and  that  there  was  a  conspicn- 
ons  difference  in  height  and  general  appearance  betweea  the 
two  lots.  The  trial  was  afterwards  repeated  with  more  care; 
but  as  this  was  one  of  the  first  plants  enperimeated  on,  my 
nsual  method  was  not  followed.  Seeds  wore  taken  from  wild 
plants  growing  in  this  noighhourhood  and  sown  in  poor  soil  in 
my  garden.  Five  plants  were  covered  with  a  net,  tho  others 
bdng  left  exposed  to  the  bees,  which  incessantly  visit  tlie  flowers 
of  this  apccies,  and  which,  according  to  H.  Miiller,  are  the 
exclusive  fertilisers.  This  excellent  observer  remarks  *  that,  as 
the  stigma  lies  between  the  anthers  and  is  matnre  at  the  same 
time  with  them,  self 'fertilisation  is  possible.  But  fo  few  seeds 
are  produced  by  protected  plants,  that  the  pollen  and  stigma  of 
the  same  flower  seem  to  have  little  power  of  mutual  interaction. 
The  exposed  plants  boro  numerous  capsules  forming  solid 
spikes.  Five  of  these  capsules  were  examined  and  appeared  to 
contain  an  equal  number  of  seeds ;  and  these  Iteing  counted  in 
one  capsule,  were  found  to  he  166.  Tho  five  protected  plants  pro- 
duced altogether  onlj  twenty-five  capsules,  of  which  five  were 
much  finer  than  all  the  others,  and  these  contained  an  average  of 
23-6  Boeds,  with  a  maximum  in  one  capsule  of  fiflj-five.  So  that 
tho  nomlicr  of  seeds  in  the  capsules  on  the  exposed  plants  to 
the  average  number  in  the  finest  capsules  on  the  protected 
plants  was  as  100  to  14. 

Some  of  the  spontaneously  self-fertilised  seeds  from  under 
the  not,  and  some  seeds  from  the  uncovered  jitants  naturally 
fertilised  and  almost  certainly  intercrossed  by  the  bees,  were 
Bown  separately  in  two  large  pote  of  the  same  size ;  so  that  tho 

•  '  Die  Befruchtang,"  &e.  p.  279. 
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two  lots  of  eeedlings  were  not  subjected,  to  any  mutual  competi- 
tion. Three  of  the  crossed  plants  when  in  full  flower  were 
■neasuied,  but  no  care  was  taken  to  select  the  tallest  plants 
their  heights  were  7|,  73,  and  6j  inches;  averagiiig  7'OB  in 
height.  The  three  tallest  of  all  the  self-fertilised  plants  were 
then  carefully  selected,  and  their  heights  were  &J,  5J,  and  5}, 
avoraging5-75in  height.  So  that  the  natmallj  croBsed  plants 
wore  to  the  spontaneously  self-fertihsed  plants  in  height,  at 
least  as  much  as  100  to  81. 

VZEBABOTTM    THAPSDB. 

The  flowers  of  this  plant  are  frequented  by  various  inseote, 
chiefly  by  bees,  for  the  sake  of  the  pollen.  H.  Miiller,  however, 
has  shown  ('Die  Befruchtung,'  &C.  p.  277)  that  V.  nic/ram 
Heoretes  miDnte  drops  of  nectar.  The  arrangenient  of  the  repro- 
ductive organs,  though  not  at  all  complex,  favours  cross-fer- 
tilisation; and  even  distinct  species  are  often  crossed,  for  a 
greater  number  of  naturally  produced  hybrids  have  been  observed 
in  this  genua  than  in  ahnoat  any  other.'  Nevertheless  the 
present  species  is  perfectly  self-fertile,  if  insects  are  excluded; 
for  a  plant  protected  by  a  net  was  as  thickly  loaded  with  fine 
capsales  aa  the  surrounding  uncovered  plants,  I'erbatcum 
li/rJmiiia  is  rather  less  self-fertile,  for  some  protected  plante  did 
not  yield  quite  so  many  capsules  as  the  adjoining  uncovered 
plants. 

Plants  of  V.  thapEuf  hod  been  raised  for  a  distinct  purpose 
from  self- fertilised  seeds ;  and  some  flowers  on  these  plants  were 
again  self-fertilised,  yielding  seed  of  the  second  self-fertilised 
generation ;  and  other  flowers  were  crossed  with  pollen  from  a 
distinct  plant.  The  seeds  thus  produced  were  sown  on  the 
opposite  sides  of  four  lar^  pots.  They  germinated,  however,  so 
irregularly  (the  crossed  seedlings  generaUy  coming  up  first) 
that  I  was  able  to  save  only  six  X""!^  of  equal  age.  These  when 
in  full  flower  were  moasurod,  as  in  the  following  table  (XXV.), 

We  here  see  that  two  of  the  self- fertilised  plants  exceed  in 
height  their  crossed  opponents.  Nevertheless  the  average  height 
of  the  six  crossed  plants  is  65  34  inches,  and  that  of  the  ei> 
BBlf-fertilised  plants  56-5  inches;  or  as  100  to  86. 

•  I  hAVe  given  n  striking  coie  found  growing  wilil : 
of  B  large  number  uf  suoti  liybriila  Linn.  Son.  Bot.'  vol.  x 
hatwecii  V.  thajma  imd  inauntit 
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76 
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IL 

54 

6S 
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82 
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75 

80  J 

IV. 

73 
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83 

5a 

Totil  iQ  iachea. 

392-13 

339-00 
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Vandsi,lia  nuumularifolia. 

SeodB  wero  nent  to  ma  Iiy  Mr.  J.  Scott  from  Calcutta  of  tliia 
small  Indian  weed,  which  benrs  perfect  and  oloistogene  ■  flowers. 
The  latter  are  extremely  Bmall,  imperreotly  developed,  and  never 
expand,  yet  yield  plenty  of  seeds.  The  perfect  and  open 
flowers  are  also  small,  of  a  white  colour  with  purple  marks;  thoy 
generally  produce  seed,  although  the  contrary  has  been 
osEerted ;  and  they  do  eo  oven  if  protected  from  insects.  They 
have  a  rather  complicated  strncture,  and  appear  to  be  adapted 
for  croes-fertilisation,  but  wore  not  carefully  examined  by  me. 
Thuy  are  not  easy  to  fertilise  nrtificinlly.  and  it  is  poeaiblo  that 
some  of  the  flowers  which  I  thought  that  I  had  succeeded  in 
oroBsing  were  afterwards  spontaneonBly  self-fertilised  under  the 
net.  Sixteen  onpsalos  from  the  crossed  perfect  flowers  contained 
on  an  average  ninety-three  seeds  (with  a  maximum  in  one 
capsule  of  137),  and  thirteen  capsules  from  the  self-fertilised 
pi^ect  flowers  contained  sisty-two  Rocda  (with  a  maximum  in 
one  capsule  of  135) ;  or  as  100  to  67.  But  I  suspect  that  this 
oonsiderablo  excess  was  occidental,  as  on  one  occasion  nine 
crosaod  capauloH  were  compared  with  seven  Bolf-fertiliKod  vsp- 
sulos  (both  ineluded  in  the  above  number),  and  they  contained 
almost  exactly  the  same  average  numliorof  seed.    I  may  add 


Thocon. 

m*  was  proineod   by  H 
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that  fifteen  eapealea  from  self-fertilised  eleistogene  flowers  con- 
taJDcd  on  an  average  sisty-fotir  seeds,  with  a  maximum  in  one 
of  eighty-seTen. 

Crossed  and  self-fertilised  seeds  from  the  perfect  flowers,  and 
other  seeds  from  the  self-fertilised  eleistogene  flowers,  were  sown 
in  five  pots,  each  divided  superficiallj  into  three  compartments. 
The  seodlingB  were  thinned  at  an  early  age,  eo  that  twenty 
plants  were  left  in  each  of  the  three  divisions.  The  crossed  plants 
when  in  full  flower  averaged  4'8  inches,  and  tlie  self-fertilised 
plants  from  the  perfeet  flowers  4-27  inches  in  height ;  or  as  100 
to  99.  The  eelf-fertiiised  plants  &om  the  eleistogene  flowers 
averaged  4'06  inches  in  height;  so  that  the  crossed  were  in 
height  to  these  latter  plants  as  100  to  04. 

1  determined  lo  compare  again  the  growth  of  plants  raised 
from  crossed  and  self-fertilised  perfect  flowers,  and  obtained  two 
fresh  lots  of  seeds.  These  were  sown  on  opposite  sides  of  five 
pots,  bnt  they  were  not  sufficiently  thinned,  so  that  they  grew 
rather  crowded.  When  fully  grown,  all  those  above  2  inches 
in  height  were  selected,  all  below  this  standard  being  rejeoted; 
the  former  eonsistsd  of  forty-seven  crossed  and  forty-one  self- 
fertilised  plants ;  thus  a  greater  nnmber  of  the  crossed  than  of 
the  self-fertilised  plants  grew  to  a  height  of  above  2  inchos.  Of 
the  crossed  plants,  the  twenty-four  tallest  were  on  on  average 
8"6  inches  in  height;  wliilst  the  twenty-four  tallest  self- 
fertilised  plants  were  3  33  inches  in  average  height;  or  as  100 
to  94.  All  these  plants  were  then  cut  down  close  to  the  grotmd, 
and  the  forty- seven  eroesed  plants  weighed  10903  grains,  and 
the  forty-one  self-fortilised  plants  weighed  887  ■  4  grains.  There- 
fore ao  equal  nnmber  of  crossed  and  self-fertilised  would  havs 
been  to  each  other  in  weight  as  100  to  97.  From  these  several 
beta  we  may  conclude  that  the  crossed  plants  had  some  real, 
though  very  slight,  advantage  in  height  and  weight  over  the 
self-fertilised  plants,  when  grown  in  competition  with  one 
another. 

The  crossed  plants  were,  however,  inferior  in  fertility  to  the 
eelf-fertilised.  Sis  of  the  finest  plants  were  selected  out  of  the 
forty-seven  crossed  plants,  and  sii  out  of  the  forty-one  self- 
(brUlieed  plants;  and  the  former  produced  598  capsules,  whilst 
the  latter  or  self-fertilised  plants  produced  752  capsules.  All 
theae  capsules  were  the  product  of  eleistogene  flowers,  for  the 
plants  did  not  hear  during  the  wiiole  of  this  season  any  perfect 
floweiB,    The  seeds  wore  counted  in  ten  eleistogene  capsules 
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produced  by  the  croBsed  plaatB,  and  their  average  number  woa 
46'4  per  capuulcj  whilst  the  number  in  ten  cleistiigeiiu  capBUlcs 
producodby  the  solf-fortilised  plants  was  4y'4;  or  as  100  to  106. 

III.  GESNERIACB^.— Gksnbbia  pbhuuiina. 
In  Gesneria  the  several  parts  of  the  flower  are  arranged  on 
nearly  the  mano  plan  as  in  Digitalis,*  and  moet  or  all  of  the 
apocies  ore  dicbc^omoua.  Flouts  were  raiseil  from  seed  sent  mo 
by  Fritz  MiJiler  from  South  Brazil.  Seven  flowers  were  crossed 
with  pollen  from  a  distinct  plant,  and  produced  seven  capsules 
oontoining  by  weight  3'01  grains  of  seeds.  Seven  flowers  on  the 
same  plants  were  fertilised  with  tlieir  own  pollen,  and  their 
seven  capsnies  contained  exactly  the  same  weight  of  seeds. 
Uerniinating  seeds  were  planted  on  opposite  sides  of  four  pots, 
and  when  fully  grown  measured  to  the  tips  of  their  leaves. 

Table  XXVI. 


N...,r., 

CnnuBl  Planu. 

Self-reitllUqil  Planu. 

■• 

2*S 

27) 

u. 

33 

30  J 

in. 

II! 

ii 

IV. 

S' 

m 

Total  inches. 

256-50 

233-13 

The  average  height  of  the  eight  urossed  plants  it 
and  ihat  of  the  eight  self-fertilised  plants  2^ 


*  Dr.  Ogle, '  Popolar  Science  Beview,'  Juu.  1870,  p.  SI. 
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IV.  LABIATE,— Salvia  ooooinh4.* 
[  This  species,  unliko  most  of  the  others  in  the  same  genus, 
ijielda  a  good  many  Beeda  wiien  insects  are  excluded.  I  gathered 
ninoty-eight  capsules  prodnced  by  iiowors  epontiineotiKly  self- 
fertilised  under  a  net,  and  they  contained  on  an  average  145 
seeds,  whilst  flowers  artificially  fertilised  with  their  own  pollen, 
in  which  case  the  stigma  will  have  received  plenty  of  pollen, 
yielded  on  an  averse  3'3  seeds,  or  more  than  twice  as  many. 
Twenty  flowers  were  crossed  with  pollen  from  a  distinct  plant, 
and  twenty-sis  were  self-fertilised.  There  was  no  great  difference 
in  the  proportional  number  of  flowers  which  produced  capsules 
by  these  two  procesees,  or  in  the  number  of  the  contaiued  seeds, 
or  in  the  weight  of  an  equal  number  of  seeds. 
Seeds  of  both  Muds  were  sown  rather  thickly  on  opposite  sides 
r  tliree  pots.  When  the  seedlings  were  about  3  inches  in 
ight,  the  crossed  showed  a  slight  advantage  over  tho  sGlf- 
■tilised.  When  two-thirds  grown,  the  two  tallest  plant*  on 
"  each  side  of  each  pot  were  measured  (  the  crossed  averaged  16  ■  37 
iuehes,  and  the  self-fertilised  11-75  iu  height;  or  as  100  to  71. 
When  the  plants  were  fully  grown  and  had  done  flowering,  the 
two  tallest  plants  on  each  side  were  again  measured,  with  the 

IMnlta  shown  in  the  following  table  : — 
■•Tb 
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It  may  be  here  scea  tbut  each  of  the  six  talloet  crossed  plants 
exceeda  in  height  its  self-fertjlised  opponent;  the  former 
averaged  27 '  85  inches,  whilst  the  ail  tallest  self-fertilised  plants 
averaged  21'16  inchee;  or  as  100  to  76.  In  all  three  pot^  the 
first  plant  which  flowered  was  a  cruBacd  one.  All  the  crossed 
plants  together  produced  409  flowers,  whilst  all  the  Eolf-fcrtiliBed 
together  producod  only  232  flowers ;  or  as  100  to  67,  So  that 
the  crossed  plants  in  this  respect  were  far  more  productive  tbftn 
the  self-fertilised. 

OaiOAKDU  VU  1.0  ARK. 

This  plant  exists,  according  to  H.  Miiller,  under  two  forms; 
one  hennaphrodite  and  strongly  prolerandrous,  so  that  it  is 
almost  certain  to  be  fertilised  by  pollen  irom  another  flower; 
the  other  form  is  exclusively  female,  has  a  smaller  corolla,  and 
must  of  course  be  fertilised  by  pollen  from  a  distinct  plant 
in  order  to  yield  any  seeds.  The  plants  on  which  1  experi- 
mented were  hermaphrodites ;  tiioy  had  been  cultivated  for  a 
long  period  as  a  pot-herb  in  my  kitchen  garden,  and  were,  like 
BO  many  long-cultivated  plants,  extremely  sterile.  Aa  I  felt 
doubtful  about  the  specific  name  I  Bent  specimens  to  Eew,  and 
was  assured  that  the  species  was  0.  vuhjaie.  My  phuits  formed 
one  great  clump,  and  hod  evidently  spread  from  a  single  root 
by  stolons.  In  a  strict  sense,  therefore,  they  all  belonged  to  the 
same  individual.  My  object  in  experimenting  on  them  was, 
firstly,  to  ascertain  whether  crossing  flowers  borne  by  plants 
having  distinct  roots,  but  all  derived  osexnally  from  the  same 
individual,  would  be  in  any  respect  more  advantageous  than 
self-fertilisation ;  and,  secondly,  to  raise  for  future  trial  seedlings 
which  would  constitute  really  distinct  individuals.  Several 
plants  in  the  above  clump  were  covered  by  a  net,  and  about  two 
dozen  seeds  (many  of  which,  however,  were  small  and  withered) 
were  obtain«i  from  the  flowers  thns  spontaneously  self-fertilised. 
The  remainder  of  the  plants  were  left  uncovered  and  were  in- 
cessantly visited  by  bees,  so  that  they  were  doubtless  crossed 
by  thenL  Ttese  exposed  plants  yielded  rather  more  and  finer 
seed  (but  still  very  few)  than  did  the  covered  plants.  The  two 
lots  of  seeds  thus  obtained  were  sown  on  opposite  sides  of  two 
pots ;  the  seedlings  were  carefully  observed  from  their  first 
growth  to  maturity,  but  they  did  not  differ  at  any  period  in 
height  or  in  vigour,  the  importance  of  which  latter  observation 
-  Tre  shall  presently  see.    When  fully  grown,  the  tallest  crossed 
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plant  in  ono  pot  was  &  Tery  little  talJer  than  the  tallest  aelf- 
iertiliEed  plant  on  the  oppoeite  side,  and  in  the  other  pot 
eiactly  the  reyerae  ocoarred.  So  that  the  two  lotewere  in  fact 
equal ;  and  a  croeB  of  thJH  kind  did  no  more  good  than  croesing 
two  fluweTG  on  the  samn  plant  of  Ipomcea  or  Mimalua. 

The  plants  were  tnmed  ont  of  the  two  pota  without  being 
disturlied  and  planted  in  the  open  ground,  in  order  that  they 
might  grow  more  vigorouely.  In  the  following  Biunmer  all  the 
self-fertiliaed  and  some  of  the  quasiKjrossed  plants  were  covered 
fay  a  net  Many  flowers  on  the  latter  were  crossed  by  me  with 
pollen  from  a  distinct  plant,  and  others  were  left  to  be  crossed 
by  the  tieee.  These  qnaei-crossed  plants  produced  rather  more 
seed  than  did  the  original  ones  in  the  great  clump  when  left 
to  the  action  of  the  bees.  Many  flowers  on  the  self-fertilieed 
plants  were  artificially  self-fertilised,  and  others  were  allowed 
to  fertilise  themselves  spontaneously  under  the  net,  hut  they 
yielded  altogether  very  few  seeds.  These  two  lots  of  seeds— 
the  product  of  a  cross  between  distinct  seedbngs,  instead  of  as 
in  the  last  cose  between  plants  multiplied  by  stolons,  and  the 
product  of  self-fertilised  flowers  -were  allowed  to  germinate  on 
bnrc  gait<j,  and  several  equal  pairs  were  planted  on  opposite 
aides  of  two  large  pots.  At  a  very  early  age  the  crossed 
plants  showed  some  superiority  over  the  Belf-fertilised,  which 
was  ever  afterwards  retained.  When  the  plants  were  fully 
grown,  the  two  tallest  crossed  and  the  two  tallest  self-fertilised 
plants  in  each  pot  were  measured,  as  shown  in  the  following 
table.  I  regret  that  from  want  of  time  I  did  not  measure  all 
the  pairs ;  but  the  tallest  on  each  side  seemed  fairly  to  represent 
the  average  difference  between  the  two  lots. 
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The  average  height  of  the  croBsod  plants  m  hero  20  inches,  and 
that  of  the  Belf-fertilised  1712 ;  or  as  100  to  86.  But  tWa  eioeea 
of  height  hy  no  means  glres  a  fair  idea  of  the  vast  auperioritj  in 
Tigoar  of  the  crossed  over  the  self-fertilised  plants.  The  crossed 
flowered  first  and  produced  thirty  floworisteraB,  whilst  the  self- 
fertilised  produced  only  fifteen,  or  half  the  number.  The  pots 
were  then  bedded  out,  and  the  roots  probably  came  out  of  tho 
holes  at  the  bottom  and  thus  aided  their  growth.  Early  in  the 
following  summer  the  sujMriority  of  tho  crossed  plants,  owing 
to  their  increase  by  stolons,  over  the  self-fertilised  plants  was 
truly  wonderful.  In  Pot  I.,  and  it  should  bo  remembered  that 
very  large  pots  had  been  used,  the  oval  clump  of  crossed  plants 
was  10  by  41  inches  across,  with  the  tallest  stem,  as  yet  young, 
5t  inches  in  height ;  whilst  the  clump  of  self-fertilised  plants, 
on  the  opposite  side  of  the  same  pot,  was  only  3i  by  2i  inches 
across,  with  the  tallest  young  stem  4  inches  in  height  In  Pot 
II.,  the  clump  of  crossed  plants  was  18  by  9  inches  across,  with 
tlio  tallest  young  stem  8i  inches  in  height;  whilst  the  clump  of 
self-fertilised  plants  on  the  opposite  side  of  tho  same  pot  was  12 
by  4t  inches  across,  with  the  tallest  young  stem  6  inches  in 
height.  The  crossed  plants  during  tliis  season,  as  during  the 
last,  flowered  Grst.  Both  the  crossed  and  self-fertilifod  plants 
being  left  freely  exposed  to  the  visils  of  bees,  manifestly  produced 
much  more  seed  than  tlieir  grand-parents, — the  plants  of  the 
original  clump  still  growing  close  by  in  the  same  garden,  and 
equally  left  to  the  action  of  the  boos. 

V.  AOANTHAOEffl.— Thuitbbeoia  alata. 

It  appears  from  Eildebrand's  description  ('  Rot.  Zeitung,'  1867, 
p.  285)  that  the  conspicuous  flowers  of  tliis  plant  are  adapted 
for  ciHiss-fertilisation.  Seedlings  were  twice  raised  from  pnr- 
ohased  seed ;  but  during  the  early  summer,  when  first  expe- 
rimented on,  they  were  extremely  sterile,  many  of  the  anthers 
containing  hardly  any  pollen.  Nevertheless,  during  the  autumn 
these  same  plants  spontaneously  produced  a  good  many  seeds. 
Twenty-six  flowers  during  the  two  years  were  crossed  with 
pollen  from  a  distinct  plant,  bnt  they  yielded  only  eleven 
capsules;  and  these  contained  very  few  seedsl  Twenty-eight 
flowers  were  fertihsed  with  pollen  from  the  same  flower,  and 
these  yielded  only  ten  capsules,  which,  however,  contained 
lather  more  seed  thac  the  crossed  capsules.    Eight  pairs  of 
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germisating  seeds  were  plauted  on  opposite  sides  of  Sve  pots ; 
and  exactly  half  the  croseed  and  half  the  solf-fcrtilised  plants 
exceeded  their  opponents  in  height.  Two  of  the  eelf-fertiliaed 
plants  died  young,  before  thej  wore  measurod,  and  their  croseed 
opponents  were  thrown  away.  The  six  remaining  pairs  grow 
Tcry  unequally,  some,  both  of  the  crosBed  and  seif-fertilieed 
plants,  being  more  than  twice  as  tall  as  the  otiiers.  The  avetugo 
height  of  the  crossed  plauta  was  60  inches,  and  tliat  of  the  self' 
fertilised  plants  66  inches,  or  ae  100  to  108.  A  cross,  therefore, 
between  distinct  indiyiduals  here  appears  to  do  no  good;  but 
this  result  deduced  from  so  few  plants  in  a  wry  sterile  condition 
and  growing  very  onequaUj,  obviously  cannot  be  trusted. 
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Drusica  olcrncea,  crossed  and  Belf-fertiliecd  plante — Great  effect  of  a 
orOBs  with  a  fresh  stock  on  Hie  weight  of  tlie  nffsjiring— Iberia 
mubellata — Papaver  vagum — EBclisolioltaia  califoraica,  aeetilio^i 
from  a  oross  with  a  fVesh  stook  not  more  Tigoroos,  bat  mnre 
fertile  thati  tba  self-icrtilised  seedlinga — Res>:ijalutea  and  odorata, 
many  indiytdunla  sterile  with  their  own  pollen — Viula  tricolor, 
tronderful  cfEbctsof  a  cruBs — Adonis  luatiTalis — Dclpbininm  consolida 
— Viscnria  oculala,  croBsed  plants  hardly  taller,  bat  more  fertile  than 
the  self-fertHiacd— DiQiithuE  caryophyllns,  croasod  and  ailf-fertilised 
plants  oomimred  tor  four  genoratioos— Great  effects  of  a  croas  with 
ft  fTeali  stock — Unifonn  colour  of  the  flowers  on  the  aelf-fortilised 
plants — Hibiscus  africanus. 

yi.  CEUOIFEE^.— Bbabsioa  olbbaoba. 
Far.  CaUeWi  Early  Bamee  Cabbage. 
The  flowers  of  tbo  comiaon  cabbaf^e  are  adapted,  bs  ehown  b; 
E.  MiUler,'  for  crosia-fertiliaation,  and  should  this  fail,  for  self- 
fertilisation.  It  is  well  known  that  the  varieties  are  croBHed  so 
largolj  by  issocte,  that  it  je  imposeiblo  to  raise  pure  kiuda  in  Ihe 
same  garden,  if  more  than  one  kind  ia  in  flower  at  the  samo  time. 
Oabbages,  in  one  respect,  were  not  wall  fitted  for  my  esperimente, 
w,  after  tiey  had  formed  heads,  they  were  often  difflcnltto  meo- 
Bore.  The  fiowor-Btems  also  differ  much  in  height;  and  a  pool 
plant  will  sometimes  throw  up  a  higher  stem  tban  that  of  a  fine 
plant.  In  the  later  experiments,  the  fully-grown  plants  vers  cut 
down  and  weighed,  and  then  the  inrnicnsD  advantage  from  a 
does  became  manifest. 

A  single  plant  of  the  aboTS  Toriety  was  coTered  with  a  net 
just  before  flowering,  and  was  crossed  wilh  pollen  from  another 
plant  of  the  same  variety  growing  close  by;  and  the  seven  cap- 
Bii'ea  tliiis  produced  contained  on  an  average  16'3  seeds,  with  a 

"Pie  Befniohtnng,'  &c.  p.  139. 
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Bjn  of  twealj  in  one  capsute.  Some  flowers  wore  arti- 
self-fertilJBe<l,  but  tlieir  cnpsuloa  did  not  contaiu  eo  mauy 
kS  those  icam  flowers  epostaneously  eelf- fertilised  under 
,of  which  a  considerable  nnmber  were  produced.  Fonrteen 
of  theee  latter  capsulee  contained  on  an  average  i'  1  seeds,  with 
a  maximum  in  one  of  ten  ecods ;  so  tliat  the  seeds  in  the  crossed 
capauleswere  in  number  to  those  in  the  self-fertilised  capsules  as 
100  to  26.  The  self-fertilised  seeds,  fifty-eight  of  which  weighed 
3"88  grains,  were,  however,  a  little  finer  than  those  from  the 
cross©dcapsules,fiftj-eight  of  which  weighed  3'76  grains.  When 
few  seeds  are  produced,  these  seem  often  to  be  better  nonrished 
«nd  to  be  heavier  than  when  many  are  produced. 

The  two  lots  of  seeds  in  an  equal  state  of  gerraioation  were 
planted,  some  on  opposite  sides  of  a  single  pot,  and  some  in  the 
open  ground.  The  young  crossed  plants  in  the  pot  at  first  ei- 
Meded  by  a  little  in  height  the  self-fertilised;  then  equalled  them; 
were  then  beaten;  and  lastly  were  again  vie torions.  The  plants, 
■without  being  disturbed,  were  turned  out  of  the  pot,  and  planted 
in  the  open  ground;  and  after  growing  for  some  time,  the 
orossed  plants,  which  were  all  of  nearly  the  same  height,  exceeded 
the  self-fertiUaed  ones  by  2  inches.  When  they  flowered,  the 
flower^^tems  of  the  tallest  crossed  plant  exceeded  that  of  the 
tallest  self-fertilised  plant  by  6  inches.  The  other  seedlings 
which  were  planted  in  the  open  ground  stood  separate,  so  that 
they  did  not  oontpete  with  one  another;  nevertheless  the  crossed 
plants  certainly  grew  to  a  rather  greater  height  than  the  self-fer- 
tUised;  but  no  measurements  were  made.  The  crossed  plants 
which  hod  been  raised  in  the  pot,  and  those  planted  in  the  open 
grannd,  all  flowered  a  little  before  the  self-fertilised  plants. 

Croified-nda-lf-ferliUMtd  Planlaof  the  fiecimd  Ueneriitiim. — Some 
flowers  on  the  crossed  plants  of  the  last  generation  were  ^ain 
crossed  with  pollen  from  another  crossed  plant,  and  produced 
fine  capsules.    The  flowers  on  the  self-fertilised  plants  of  the 
last  ^ncration  were  allowed  to  fertilise  themselves  apontaneonaly 
it,  and  they  produced  some  reniartably  fine  capsules, 
^e  two  lots  of  seeds  thus  produced  germinated  on  sand,  and 
eight  pairs  were  planted  on  opposite  sides  of  four  pots.    These 
plants  were    measured    to  the  tips  of  their    leaves    on    the 
aOth  of  October  of  the  same  year,  and  the  eight  crossed  plants 
height  S'i  inches,  whilst  the  self-fertilised  overaged 
.8"58  inches,  so  that  the  crossed  were  a  little  inferior  in  height, 
100  to  101-5.     By  the  5th  of  Juno  of  tho  foUouing  year  these 
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^^*         plnnfa   had  grown    mnch    bulkier,  nnii  had    begun    to  form 

headH.    The  croBsod  had  now  acquired  a  nitttked  superiority 

in  general  appearance,  and  averaged  B'02  inches  in  height, 

whJist  the  eelf-fertilised  averaged  7-31  inchos;  or  as  100  to  91. 

The  plants  were  thea  tumod  out  of  their  pots  and  planted 

undisturbed  in  the  open  ground.    By  the  Sth  of  August  their 

heads  were  fully  formed,  but  several  had  grown  bo  crooked  that 

^^^        their  hoighte  could  hardly  be  measured  with  accuracy.    The 

^^L       crossed  pliuitB,  however,  were  on  the  whole  considerably  taller 

^H       than  the  self-fertilised.    Inthe  following  year  theyflowered;  thp 

^^H       crossed  plants  flowering  before  the  solf-fertilised  in  three  of  the 

^^M       Qowmeaeored,  as  shown  in  Table  XXIX. 

^H                                              Taelb  XXIX. 

^^m         Measured  to  tops  of  Flower-stcma ;  0  ngnifiei  thai  a  Flower-ttem 

^H                                                     was  not  farmed. 
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ine  flower-stems  on  the  crossed  plants  here  averagf 
and  the  nine  on  the  eelf-fertiUscd  plants  39  in 
or  as  100  to  95.    But  this  small  difference,  which 
epended  almost  wholly  on  one  of  the  self-fertaliaed 
nly  20  inches  high,  does  not  in  the  least  show  tli 
rity  of  the  crossed  over  the  self-fertilised  plants 
eluding  the    two  plants    in  Pot  IV„    which    d 
were  now  cut  down  close  to  the  ground  and  weigh 
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Pot  II.  were  exelndeJ,  for  thoy  had  bean  accidentally 
iajnrod  by  a  fall  during  transplantation,  and  one  waa  almost 
killed.  The  eight  crossed  plants  weighed  219  ounces,  whilst  the 
edgbt  self-fertilised  plants  weighed  only  82  ounces,  or  as  100  to  37 ; 
that  tho  Buperiority  of  the  former  over  the  latter  in  weight  was 

Tlte  Effecla  of  a  Croia  with  a  fresh  l^tocA.— Soma  flowers  on  a 
eroEscd  plant  of  the  last  or  second  generation  were  fertiliiied, 
without  being  castrated,  by  pollen  taken  from  a  plant  of  tho 
same  variety,  but  not  related  to  my  plants,  and  brought  from  a 
nursery  garden  (whence  my  seeds  originally  came)  having  a  dif- 
ferent soil  and  aspect.    The  flowers  on  the  self-fertilised  plants 
of  the  lost  or  second  generation  {Table  XXIX.)  were  allowed  to 
fertilise  themBelvea  spontaneously  niider  a  net,    and  yielded 
plenty  of  seeds.    These  latter  and  the  crossed  seeds,  after  germi- 
kting  on  sand,  were  planted  in  pairs  on  the  opjwsite  sides 
large  pots,  which  were  kept  at  first  in  a  cool  greenhouse, 
'ly  in  January  their  heights  were  measured  to  tho  tips  of  their 
Tho  thirteen  crossed  plants  averaged  13 '16  inches  in 
height,  and  the  twelve  (for  one  had  died)  self-fertilised  plants 
averaged  13-7  inches, or  as  100  to  1(M;  so  that  tiie  sclf-fortilised 
it«  exceeded  hy  a  little  the  crossed  plants. 

Tablb  XXX. 

Weight  of  Flaatt  after  they  had  formed  Ueads. 


No.ofPul. 
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I. 

OoncB. 
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11. 
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34} 
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90 
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Early  in  the  Rpring  the  plants  were  gradually  hardenoil,  and 
tamed  out  of  thoir  pots  into  the  open  ground  without  being 
disturbed.  By  the  end  of  August  the  greater  number  had 
formed  fiae  heads,  but  several  grew  estremely  crooked,  from 
having  been  drawn  up  to  the  light  whilst  in  the  greenhouBe. 
As  it  was  scarcely  poGsible  to  meaaure  their  heights,  the  finest 
plant  on  each  side  of  each  pot  was  cut  down  close  to  the  gronnd 
and  weighed.    In  the  preceding  table  we  hare  the  result. 

The  six  finest  crossed  plants  average  108*16  ounces,  whiUt 
the  six  flsest  self-fertilised  plants  average  only  25'7  otmces,  or 
as  100  to  22.  This  difierence  shows  in  the  clearest  manner  the 
enormous  benolit  which  these  plants  derived  from  a  cross  with 
another  plant  belonging  io  the  same  sub-variety,  but  to  a  fresh 
stock,  and  grown  during  at  least  the  three  previous  generatioDS 
under  somewhat  different  conditions. 

The  Offspring  from  a  cut-leaved,  aurled,  and  varieijaled  tiAiie- 
grrtn  Cabbage  a-oisad  teilh  a  eut-leaved,  curled,  and  v.triegaled 
erimnon-green  Gahba.gr,  compared  toilh  the  self-fertUined  Offspring 
fnm  the  tvm  Varietia.— These  trials  were  made,  not  for  the 
sake  of  comparing  the  growth  of  the  crossed  and  self-fertilised 
seedlings,  but  because  I  had  seen  it  stated  that  these  varieties 
would  not  naturally  intercross  when  growing  uncovered  and 
near  one  another.  This  statement  proved  quite  erroneous ;  but 
the  white-green  variety  whs  in  some  degree  sterile  in  my  garden, 
producii^  little  pollen  and  few  seeds.  It  was  therefore  no 
wonder  that  seedlings  raised  from  the  self-fertilised  Sowers  of  this 
variety  were  greatly  exceeded  in  height  by  seedlings  from  a  cross 
between  it  and  the  more  vigorous  crimson-green  variety ;  and 
nothing  more  need  bo  said  about  this  experiment 

The  seedlings  from  the  reciprocal  cross,  that  is,  from  the  crim- 
Bon-green  variety  fertilised  with  poUon  from  the  whitc'^roen 
variety,  offer  a  somewhat  more  curious  case.  A  few  of  these 
crossed  seedlings  reverted  to  a  pure  green  variety  with  their 
leaves  less  cut  and  curled,  so  that  they  wore  altogether  in  a  mnch 
more  natural  state,  and  these  plants  grew  more  vigorously  and 
taller  than  any  of  the  others.  Now  it  is  a  strange  fact  that  a 
much  larger  number  of  the  self-fertiliBed  seedUngs  from  the 
crimson-green  variety  than  of  the  ciDssedseedhngs  thusreverted; 
and  as  m  consequence  the  self-fertilised  seedlings  grew  taller  by 
21  inches  on  an  average  than  the  crossed  seedlings,  with  whicb 
they  were  put  into  competition.  At  first,  however,  the  crossed 
aeedlings  exceeded  the  self-fertilised  by  an  average  of  a  quarter 


y 

^^^       they  were  pu 
^^^k    aeedlings  exo 
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of  an  inch.  We  thus  see  tliat  iBveraion  to  a  more  natural  con- 
dition acted  TOore  powerfully  in  favoariug  the  ultimate  growth 
of  these  plants  thou  did  a  cross;  but  it  should  be  remembered 
that  the  cross  was  with  a  semi-slfirile  variety  having  a  feeble 
constitation. 

Ibeqib  dubbllata. 

For.  Sermeiiana. 

This  variety  produced  plenty  of  Bpontaneously  Bolf-fertilised 
seed  under  a  net.  Other  plants  in  pots  in  the  greenhouse  were 
left  uncovered,  and  as  I  saw  small  flies  visiting  the  Sowers,  it 
seemed  probable  that  they  would  be  intercrossed.  Consequently 
seeds  supposed  to  have  been  thus  crossed  and  spontaneously  self- 
fertitised  seeds  were  sown  on  opposite  sides  of  a  pot  '  Iho 
self-fertilised  scedhngs  grew  from  the  first  quicker  than  the 
supposed  crossed  seedlings,  and  when  both  lots  were  in  full 
flower  the  former  were  from  5  to  6  inches  higher  than  the  crossed ! 
I  record  in  my  notes  that  the  self-fertilised  seeds  from  which 
those  self-fertilised  plante  were  raised  were  not  so  well  ripened 
ns  the  erogsod ;  and  this  may  possibly  hare  caused  the  great 
difference  in  their  growth,  in  a  somewhat  analogous  manner 
as  occurred  with  the  self-fertilised  plants  of  the  eighth  generation 
of  Ipomcea  raised  from  unhcRlthy  parents.  It  is  a  curious 
cireurastance,  that  two  other  lots  of  the  above  seeds  were 
sown  in  pure  sand  mired  with  burnt  earth,  and  therefore  with- 
out any  organic  matter ;  and  here  the  supposed  crossed 
seedlings  grew  to  double  the  height  of  the  self- fertilised,  before 
both  lote  died,  as  necessarily  occurred  at  an  early  period.  Wo 
shall  hereafter  meet  with  another  cose  apparently  analogous 
lo  this  of  Iberis  in  the  third  generation  of  Petunia. 

The  aboTe  self-fertilised  plante  were  allowed  to  fertilise  them- 
selves again  under  a  net,  yielding  self-fertilised  plants  of  the 
second  generation,  and  the  supposed  crossed  plants  wore  crossed 
by  pollen  of  a  distinct  plant ;  but  from  wont  of  time  this  was  dona 
in  a  careless  mtnner,  namely,  by  smearing  one  head  of  expanded 
flowers  over  another.  I  should  have  thought  that  this  would 
have  sncceeded,  and  perhaps  it  did  so;  but  the  fact  of  108 
of  the  self-fertilised  seeds  weighing  4' 87  grains,  whilst  the  same 
number  of  the  supposed  crossed  seeds  weighed  only  3"57  grains, 
does  not  look  like  it.  Five  seedlings  from  each  lot  of  seeds  were 
)!tUped,  anJ  the  self-fertilised  plants,  when  fully  grown,  eiceeded    , 
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in  average  height  liy  a  trifle  (viz.  '  4  of  an  inch)  tlio  five  probahl; 
crossed  plautB.  I  have  tlioTight  it  right  to  give  thiB  case  and  the 
last,  bocaOBO  had  the  supposed  crossed  plants  proved  superior 
to  the  Belf'fertilised  in  height,  I  should  have  assumed  without 
doubt  that  the  former  hod  reall;  beeu  cioseed.  Ajb  it  is,  I  do  not 
know  wliat  to  conclude. 

Being  much  surprised  at  the  two  foregoing  trials,  I  deter- 
miued  to  make  another,  in  which  there  should  be  no  doubt  about 
the  crosHing.  I  therefore  fertilised  with  great  care  (but  as 
usual  without  casfiation)  twenty-four  flowers  on  the  supposed 
crossed  plants  of  the  last  generation  with  pollen  from  distinot 
plants,  and  thus  obtained  twenty-one  capsules.  The  self-fertilised 
plants  ofthe  last  generation  wero  allowed  to  fortiliso  themselveB 
again  under  a  net,  and  the  seedlings  reared  from  these  seeds 
formed  the  third  self-fertilised  generation.  Both  lote  of  seeds, 
aft«r  germinating  on  bare  sand,  were  planted  in  pairs  on 
the  opposite  sides  of  two  pots.  All  the  remaining  seoda  were 
sown  crowded  on  opposite  sides  of  a  third  pot;  but  as  all  tho 
Belf-fertilised  seedlings  in  this  latter  pot  died  before  they  grew 
to  any  considerable  height,  they  were  not  measured.  The 
plants  in  Pots  I.  and  IL  were  measured  when  between  7  and 
8  inches  in  height,  and  the  crossed  exceeded  the  self-fertilised 
in  average  height  by  1-67  inches.  When  fully  grown  thoy  were 
again  measured  to  the  summits  of  their  flower-heads,  with  tho 
following  result; — 

Table  XXXI. 


Ho.  of  Pfit. 

c™,,.™. 

Self-fQrtiifMdPlanti 

otlLcThiniaHW- 

ntlon. 

I. 

IB 
21 
1B| 

19 
21 

19J 

II. 

r 

ISB 
'1 
16) 

Total  in  inohB. 

133' 88 

lU-75 

The  average  height  of  the  seven  crossed    lante  is  here  19 'IS 
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IncheR,  and  that  of  the  seven  BOlf-fertilieed  plants  1639,  or  as 
lOO  to  86.  Bnt  as  the  plants  on  the  self-fertilised  side  grew 
Tery  unequally,  this  ratio  cannot  be  fully  trusted,  and  is  probably 
too  high.  In  both  pots  »  crossed  plant  flowered  before  any  one 
of  the  self-fertilised,  Theee  plante  wero  left  uncovered  in  the 
greenhouse;  but  from  being  too  much  crowded  they  were  not 
very  productive.  The  seeds  from  all  seven  plants  of  both  lots 
were  connted;  the  crossed  produced  206,  and  the  self-fertilised 
lo4;  or  ae  100  to  75. 

Oroii  hy  a/reeh  Stock.^'Ftom.  the  doubts  caused  by  the  two 
first  trials,  in  which  it  was  not  known  witli  certainty  that  the 
plants  had  been  crossed;  and  from  the  crossed  plants  in  tho 
lost  experiment  having  been  put  into  competition  with  plants 
self-fertilised  foe  three  generations,  which  moreover  grew  very 
imoqually,  I  resolved  to  repeat  the  trial  on  a  larger  scale,  and 
in  a  rather  different  manner.  I  obtained  seeds  of  the  same 
crimson  variety  of  J.  umlelluCii  from  another  nursery  garden, 
and  raised  plants  from  them.  Some  of  these  plan  ts  were  allowed 
to  fertilise  themselves  spontaneoflsly  under  a  net;  others  were 
crossed  by  pollen  taken  ['rum  planis  raised  from  seed  sent  me  by 
Dr.  Dumndo  from  Algiers,  where  the  pareat^plants  had  been  cul- 
tivated for  some  generations.  These  latter  plants  differed  in  hav- 
ing pale  pink  instead  of  crimson  flowers,  but  in  no  other  rospoct 
Tliattho  crosahad  been  efiective  (though  the  flowers  on  the  crim- 
son mother-plant  had  not  been  castrated)  was  well  shown  when  the 
thirty  crossed  seedlings  flowered,  for  twenty-four  of  them  piodnced 
pale  pink  flowers,  exactly  like  those  of  their  father ;  the  six  others 
having  crimson  flowers  exactly  like  those  of  their  mother 
■ltd  like  those  of  all  the  self-fertilised  seedlings.  This  case 
(dters  a  good  instance  of  a  result  which  not  rarely  follows 
&om  crossing  varieties  having  differently  coloured  flowers; 
namely,  that  the  colomrs  do  not  blend,  bat  resemble  perfectly  those 
either  of  the  father  or  mother  plant.  The  seeds  of  both  lots, 
after  germinating  on  sand,  were  planted  on  opposite  sides  of 
eight  pots.  When  fully  grown,  the  plants  were  measured  to 
the  aummits  of  the  flower-heads,  as  shown  in  the  following 
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TablkXXXII. 
Iheru  umMIaCa    0  sigfttfirs  that  the  FUmt  died. 
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18 

1* 
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17 
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15 

15) 

1* 

ul 
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181 
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18 
IGl 
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18] 

n\ 

vm. 

20 

17 

13 

19 

15 

Total  in  LnchiH. 

520-38 

449 'SB         1 

The  average  height  of  the  thirty  crossed  plants  is   ben 
IT'M,  and  iiiat  of  the  twenty-nine  self-fertilised  plants  (one 
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haTing  died)  15*6l,  or  as  100  to  89.  T  am  mirpriaed  that  tho 
difference  did  not  prove  somewhat  greater,  considering  that  in 
the  last  experiineat  it  wna  as  100  to  86 ;  but  this  latter  ratio,  as 
before  explained,  was  pi^obatily  too  great.  In  Bhould,  however, 
be  obeervfld  that  in  the  last  experiment  (Tabio  KXXl.),  tlio 
Grossed  plants  competed  with  plants  of  the  third  eelf-fertjlised 
generation;  whilst  in  the  present  case,  plants  derived  from  a 
cross  with  a  fresh  stock  competed  with  self-fertiliEod  plants  of 
tho  first  generation. 

The  crossed  plants  in  the  present  case,  as  in  the  lost,  were 
more  fertile  than  the  solf-fcrtiliBed,  both  lots  being  left  on- 
covered  in  the  greenhouse.  The  thirty  crossed  plants  produced 
103  seod-bcaring  flower-heads,  as  well  as  some  heads  which 
jfielded  no  seeds;  whereas  the  tweutj-nine  self-fertilised  plania 
produced  only  81  seed-bearing  heads;  therefore  thirty  such 
plants  would  have  produced  B3'7  heads.  We  thus  get  the 
ratio  of  100  f«  81,  for  the  number  of  seed-bearing  llower-heada 
produced  liy  the  crossed  and  self-fertilised  plants.  Moreover,  a 
number  of  seed-bearing  heads  from  the  crossed  plants,  com- 
pared with  the  same  number  from  the  self-fertilised,  yielded 
seeds  by  weight,  in  the  ratio  of  100  to  S2.  Combining  these 
two  elements,  viz.,  the  number  of  secd-I)earing  heads  and  the 
weight  of  seeds  in  each  head,  the  productiveness  of  the  crossed 
to  the  self-fertilised  plants  was  as  100  to  75. 

Tlie  crossed  and  self-fertilised  seeds,  which  remained  after 
fte  above  paira  had  been  planted,  (some  in  a  state  of  germina- 
tion and  some  not  so),  were  sown  early  in  the  year  out  of  doors 
in  two  rows.  Many  of  the  self-fertilised  seedlings  suffered 
greatly,  and  a  much  larger  nnmber  of  them  perished  than  of 
In  the  autnmii  the  surviving  self-fertilised  plants 
plainly  less  well-grown  than  the  crossed  plants. 


Ut,: 

I 

^V    Th< 


VII.  PAPAVERACE^.— Papaver  VAOtm. 
A  lab-ipecist  of  P.  dubium,  from  tlia  math  of  France. 
The  poppy  does  sot  secrete  nectar,  but  the  flowers  are  highly 
Otmspicuous  and  are  visited  by  many  pollen-collecting  bees, 
flies  and  beetles.  The  anthers  shed  their  pollen  very  early,  and 
in  the  case  of  P.  i'Aibm,  it  falls  on  the  circumference  of  the 
ndiating  atigma«,  so  that  this  species  must  often  be  setf-forti- 

tbut  with  i".  dubium  the  some  result  does  not  follow 
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the  BhortneHB  of  the  Gtamcns,  ualeBS  the  flower  happens  to  staml 
inclined.  The  present  epocieB,  therefore,  does  not  seem  so  well 
fitted  for  Belf-fertiliaation  a,a  most  of  the  others.  Nevertheless 
1',  vastly  produced  plenty  of  capeulea  in  my  garden  when  insects 
were  excluded,  but  only  la.t«  in  the  season.  I  may  here  add  that 
P.  somm/erum  produces  an  abundance  of  spontaneously  aelf- 
fertihsed  capsoles,  as  Professor  H.  HoS^uonn  likewise  found  to 
Ite  the  case.*  Some  species  of  Papaver  cross  freely  when  growing 
in  the  same  gardes,  bb  I  have  known  to  be  the  case  with  i*. 
braeltalum  and  orient  ale. 

Plants  of  I'apaver  vagum  were  raised  from  seeds  sent  me  from 
Antibes  through  the  kindness  of  Dr.  Botnet.  Some  little  time 
after  the  flowers  had  expanded,  several  were  fertilised  with 
their  own  pollen,  and  others  (not  castrated)  with  pollen  from  a 
distinct  individual ;  but  I  have  reason  to  believe,  from  observa- 
tions subsequently  made,  that  these  flowers  had  been  already 
fertilised  by  their  own  pollen,  as  this  process  seems  to  take  plac« 
soon  after  their  expansion.t  I  raised,  however,  a  few  seedlings 
of  both  lots,  and  the  self-fertihsed  rather  esceeded  the  crossed 
plants  in  height. 

Early  in  the  fdlowing  year  I  acted  differently,  and  fertilised 
seven  iiowers,  very  soon  after  their  expansion,  with  pollen  from 
another  plant,  and  obtained  six  capsules.  From  oounting  the 
seeds- in  a  medlmn-aized  one,  I  estimated  that  the  average 
number  in  each  was  at  least  120,  Four  out  of  twelve  capsules, 
spontancoosly  self-fertilised  at  the  sam«  time,  were  found  to 
contain  no  good  seeds ;  and  the  remaining  eight  contained  on 
an  average  6'G  seeds  per  capsule.  But  it  should  be  observed 
that  later  in  the  season  the  same  plants  produced  under  a  net 
'  plenty  of  very  fine  spontaneously  eelf-fertjlised  capsules. 

The  al>ove  two  lots  of  seeds,  after  germinating  on  sand,  were 
planted  in  pairs  on  opposite  sides  of  five  pots.  The  two  lots  of 
I,  when  half  an  inch  in  height,  and  again  when  6  inches 
3  the  tips  of  their  leaves,  but  presented 


•  '  Zur  SpBcieB&ftge,'  1875,  p.  53. 

t  Mr.  J,  Boott  foQud  ('  Beport 
on  tlie  Expcrimejitfil  Oultore  uf 
the  Opium  Poppy  :'  Oalouttn,  1H74, 
p.  47),  in  tbo  fBBd  of  Papaver  tom- 
nifmaa,  tlmt  if  lio  cut  awny  tha 
stigmatio  surfaoe  bL-fiiro  tho 
flowei  had  espwidul,  no  Beoda 
a  produoed;  but  if  this  hub 


done  "  on  the  Bscond  day,  or  even 
a  few  liours  after  the  expansion 
of  the  Qouer  oti  the  first  day,  a 
partial  fertilisfttion  hml  already 
been  effected,  and  a  fow  good 
iseedB  were  aluioet  iuvmiably  pro- 
duteti.''  ThisproveH  at  how  early 
Q  [>oriod  fertilisation  tukes  plooe. 
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>  difference.  When  fully  grown,  the  flower-atatks  were 
measared  to  the  Bununite  of  the  seed  capsales,  with  the  follow- 
ing result : — 

Tablb  XXXIII. 
PapaKnr  voj/um. 
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CroBBod  Plutai. 
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21 
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251 

23] 
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21  i 

TotiLl  in  Inches. 

328-75 

293 '13 

The  fifteen  crossed  planfa  here  average  21'91  inches,  and  the 
'flfteen  seJf-fertiliBed  plants  lfl-54  inches  in  height,  or  as  100  to 
89.  These  plants  did  not  difFur  in  fertility,  a&tuT  as  could  be 
jtulged  hy  the  number  of  capsules  produced,  for  there  were 
Beventy-five  on  the  crossed  side  and  seventy-four  on  the  self- 


^Hbrtilised 


Ebdhboholtzu  oalifobhioa. 


This  plant  is  remarkahle  from  the  crossed  seedlings  not  ex- 
ceeding in  height  or  vigour  tlie  self-fertilised.  On. the  other 
bond,  ft  cross  greatly  increaseB  the  productiveness  of  the  flowers 
the  paretit-plont,  and  is  indeed  sometimes  necessary  in  order 
they  should  produce  any  seed ;  moreover,  plants  thus 
themselves  much  more  fertile  than  those  raised  &oiu 


K,  they  Bl 
Ted  are  t: 
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aelf-fuctilisod  flowers;  so  that  the  whole  advantage  of  a  cross  is 
confined  to  the  reproductive  sjBtera.  It  will  be  neeeBsary  for 
me  to  give  this  singular  case  in  considerable  detaii. 

Twelve  flowers  on  some  plants  in  my  flower-garden  were 
fertiliBed  with  pollen  from  distinct  plants,  and  produced  twelve 
capenlus ;  but  one  of  thcGC  coutiuned  no  good  seed.  The  seeds 
of  the  eleven  good  capsules  weighed  174  grains.  Eighteen 
floweni  on  the  same  plants  were  fertilised  with  their  own  polien 
and  produced  twelve  good  capsules,  which  contained  13'61 
grains  weight  of  seed.  Therefore  an  equal  number  of  crossed 
and  self-fertilised  capsules  would  Lave  yielded  seed  by  weight 
as  100  to  71.*  If  we  take  into  account  the  ioct  that  a  much 
greater  proportion  of  flowers  produced  capsules  when  crossed 
than  when  self-fertilised,  the  relative  fertility  of  the  crossed  to 
the  self-fertilised  flowers  was  as  100  to  52.  Nevertheless  these 
plants,  whilst  still  protected  by  the  net,  spontaneously  produced 
a  considerable  number  of  self-fertilised  capsules. 

The  seeds  of  the  two  lots  after  germinating  on  sand  were 
planted  in  poirs  on  the  opposite  sides  of  four  large  pots.  At 
first  there  was  no  difference  in  their  growth,  but  ultimately 
the  crossed  seedlings  exceeded  the  self-fertilised  considerably  in 
height,  as  shown  in  the  following  Table.    But  I  believe  titaa 

tajilh  xxxrv. 

EscJiadioltzia  caii/orniai. 


Nl..ofPqt. 

CnsKdnum. 

SelMcrtillndPluiti. 

I. 

iDchtt. 

33) 

lldKO, 

as 

IL 

841 

35 

HI. 

SS 

271 

IV. 

33 

15 

Total  in  iachea. 

im-75 

103-25 

•  Prof.  HiHebrand  oxperi- 
nieiitei  on  plants  in  Gtrmaiiy  on 
a  lar^r  bohIg  than  1  did,  and 
found  them  mui!!!  more  self-aterile. 
Eighteiin  capHuli-B,  piotluced  by 
onua-fertLlitution,  contained  on  iin 


avernge  eighty-five  seinla,  whilit 
fourteen  cupaulea  &tiin  self-feiti- 
liaed  flowers  contained  an  an 
nvertiKu  only  nine  B<«da:  that  is, 
a»  100  tn  II:  >  Jahrb,  fUr  Wiaaen. 
B-itnnik."    a  vii.  p.  467. 
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lases  which  follow  that  this  result  was  aecidentftl,  owing  to 
•mlj  a  few  plants  having  been  measured,  and  to  one  of  the 
•elf-fertiliBed  plants  having  grown  only  to  a  height  of  15  inches. 
The  plants  had  been  kept  in  the  greenhouse,  and  from  being 
drawn  up  to  the  light  had  to  he  tied  to  sticks  in  this  and  the 
.ftiLowing  trials.  They  were  measured  to  the  eummita  of  their 
flower-steme. 

afonrcroesed  plants  here  average  29-68  inches,  and  the 
Belf-fertilised  25 -56  in  height;  or  as  100  to  86.  The 
fining  seeds  were  sown  in  a  large  pot  in  which  a  Cineraria 
long  been  growing;  and  in  this  case  again  the  two  crossed 
[iJllantB  on  the  one  side  greatly  exceeded  in  height  the  two  self- 
fcrtiliaed  plants  on  the  opposite  side.  The  plants  in  the  above 
'finir  pots  from  having  been  kept  in  the  greenhonse  did  not 
produce  on  this  or  any  other  similar  occusion  many  capsulos; 
but  the  flowers  on  the  crossed  plants  when  again  crossed  were 
much  more  productive  than  the  flowers  on  the  self-fertilised 
plants  when  again  self'fertilised.  These  plants  after  seeding 
were  cut  down  and  kept  in  the  greenhouse;  and  in  the 
Irdlowing  year,  when  grown  again,  their  relative  heights  were 
ferersed,  as  the  self-fertilised  plants  in  three  ont  of  the  four 
pots  were  now  taller  than  and  flowered  before  the  crossed 
plants. 

Crotsed  and  sdZ-feiiilis^d  Flanla  of  the  Second  Oeneraiion, — The 
fitct  just  given  with  respect  to  the  growth  of  the  ent-down 
plants  made  me  doubtful  about  my  first  trial,  so  I  determined 
to  make  another  on  a  larger  scale  with  crossed  and  self-fertilised 
■eedlings  raised  from  the  crossed  and  self-fertilised  plants  of 
the  last  generation.  Bleven  pairs  were  raised  and  grown  in 
competition  in  the  usual  manner;  and  now  tlie  result  was 
different,  for  the  two  lots  were  nearly  equal  during  their  whole 
growth.  It  would  therefore  be  superfluous  to  give  a  table  of 
thojr  heights.  When  fully  grown  and  measured,  the  crossed 
ftvaroged  32'47,  and  the  self-fertilised  3281  inches  in  height; 
or  as  100  to  101.  There  was  no  great  difference  in  the  number 
of  flowers  and  capsules  produced  by  the  two  lots,  when  both 
wnre  left  freely  exposed  to  the  visits  of  insects. 

Plants  raiKd/Tom  Brazilian  Seed. — Fritz  Miillersent  me  from 
&)nth  Brazil  seeds  of  plants  which  were  there  absolutely 
Bterile  when  fertihsed  with  pollen  from  the  same  plant,  but 
were  perfectly  fertile  when  fertilised  with  pollen  from  any 
other  plant    The  plants  raised  by  roe  in  England  from  f 
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obbAm  were  examined  bj  FrofeasoT  Asa  Gray,  and  pronotmoed 
to  belong  to  E.  ailifornica,  with  which  they  were  identical  in 
general  appeanuice.  Two  of  these  plants  were  covered  by  a 
net,  iind  were  found  not  to  be  ho  complotoly  self-sterile  as  in 
Brazil.  But  I  ehall  recur  to  this  subject  in  another  part  of 
this  work.  Here  it  will  suffice  to  state  that  eight  flowers  on 
these  two  plants,  fertilised  with  pollen  from  another  plant 
under  the  net,  produced  eight  fine  capsules,  each  containing  on 
an  average  about  eighty  EOeds.  Eight  flowers  on  these  same 
plante,  fertiiised  with  their  own  pollen,  produced  seven  capsules, 
which  contained  on  an  average  only  twelve  seeds,  with  a  masi- 
mnm  in  one  of  sixteen  seeds.  Therefore  the  cross-fertilised 
capsules,  compared  with  the  self-fertilised,  yielded  seeds  in  the 
ratio  of  about  100  to  15.  These  plants  of  BraziUan  parentage 
differed  also  in  a  marked  manner  from  the  English  plants  in 
producing  extremely  few  spontaneously  self-fertilised  capsules 
nnder  a  net. 

Crossed  and  self-fertilised  seeds  from  Uie  above  plants,  after 
germinating  on  bare  sand,  were  planted  in  pairs  on  the  opposite 
sides  of  five  large  pots.  The  seedlings  thus  raised  were  the 
grandcliildrcn  of  the  plants  whieh  grow  in  Brazil^  the  parents 
having  been  grown  in  England.  As  the  grandparents  in 
Brazil  absolutely  require  crosa-fertilisation  in  order  to  yield 
any  seeds,  I  expected  that  self-fertilisation  would  have  proved 
very  injurious  to  these  Eeedlings,  and  that  the  crossed  ones 
would  have  been  greatly  superior  in  height  and  vigour  to 
those  raised  from  self-fertilised  flowers.  But  the  result  showed 
that  my  anticipation  was  erroneous ;  for  as  in  the  last  experi- 
ment with  plants  of  the  English  stock,  so  in  the  present  one, 
the  self-fertiUsed  plants  exceeded  the  crossod  liy  a  httle  in 
height.  It  will  he  sufficient  to  state  that  the  fourteen  crossed 
plants  averaged  44 '64,  and  the  fourteen  self-fertilised  45 '13 
inohes  in  height ;  or  as  100  to  101. 

TVie  Efffctaiifii  Orosa  wilh  a/reah  Sfoc*.— I  now  tried  a  different 
experiment.  Eight  flowers  on  the  self-fertihsed  plants  of  the 
laet  experiment  (i.e.,  grandchildren  of  the  plants  which  grew  in 
Brazil)  were  again  fertilised  with  pollen  from  the  same  plant, 
ftnd  produced  five  capsules,  containing  on  an  average  27"4 
aeeda,  with  a  maximum  in  one  of  forty-two  seeds.  The  seedlings 
laised  from  these  seeds  formed  the  second  self  fertSised  generation 
of  the  Brazilian  stock. 

Eight  flowers  on  orl  of  the  crossed  plants  of  the  last  expori- 
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meat  wero  crossed  with  poUen  from  another  grandchild,  and 
prodnced  five  capanles.  Theee  contained  on  an  average  31  6 
seeds,  with  a  maximum  in  one  of  forty-nine  seeds.  The  seedlings 
from  these  seeds  may  be  called  the  lalerceossed. 
Lastly,  eight  other  flowers  on  the  crossed  plants  of  tiie  last 
iment  were  fertilisel  with  pollen  from  a  plant  of  the 
iglish  stock,  growing  in  my  garden,  and  which  mnst  have 
been  exposed  during  many  provioas  gonerationa  lo  very  different 
oonditions  from  those  lo  which  the  Brazilian  progenitora  of  the 
mothor-piant  had  been  sahjected.  These  eight  flowers  produced 
only  four  capsules,  containing  on  an  average  63*3  seeds,  with  a 
mnm  in  one  of  ninety.  The  plants  raised  from  these  seeds 
be  called  the  Eiiylinh-crossed.  As  far  as  the  alwve  averagea 
be  trusted  From  so  few  capsules,  the  English-crossed  capsnles 
Qontiuned  twice  as  many  seeds  as  the  intercrossed,  and  rather 
more  than  twice  as  many  as  the  self- fertilised  capsules.  The 
plants  which  yielded  these  capsules  were  grown  in  pots  in  the 
that  their  absolnte  productiveness  must  not  bo 
ipared  with  that  of  plants  growing  out  of  doors. 
The  above  three  lota  of  swds,  viz.,  the  self  fertilised,  inler- 
and  English-crossed,  were  planted  in  an  oqTiJii  Gtats  of 
lination  (having  been  as  nsoal  sown  on  hare  sand)  in  nine 
pots,  each  divided  into  three  parts  by  snperlicifll  partitions. 
of  the  self-fertilised  seeds  germinated  before  those  of  the 
crossed  lots,  and  these  were  of  couise  rcjecled.  The 
■eedlinga  thus  raised  are  the  greatr  grand  children  of  the  plants 
which  grew  in  Brazil.  When  they  were  from  2  to  4  inches 
in  height,  the  throe  lots  were  equal.  They  were  measured  when 
four-fifths  grown,  ond  ogain  when  fully  grown,  anri  as  tbeir 
relative  heights  were  almost  exactly  the  same  at  these  two 
ages.  I  will  give  only  the  last  measurements.  The  average 
height  of  the  nineteen  English-croBsed  plants  was  45'92  inches; 
that  of  the  eighteen  inlercrossed  plants  (for  one  di»i),  43'38; 
and  that  of  the  nineteen  solf-forlilisod  plants,  SO-3  inches.  So 
that  we  have  the  following  ratiiis  in  height  :— 
The  Eoglish-orossod  to  the  self-fertilised  plants,  as  100  to  109 
The  English-crossed  to  the  intercrossed  plants,  as  100  tu  fJi 
The  interciDSsed  to  the  self- fertilised  pUuts,  as  100  U>  116 
After  the  eeed-cnpsules  had  been  gathered,  all  those  plants 
cnt  down  close  to  the  ground  and  weighed.  The  nineteen 
lish  dossed  plan's  weighed  18~35  ounces;  the  intercrossod 
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plants  (with  theit  weight  calculated  as  if  there  had  been  nine- 
teen) weighed  182    onncea;    and  the   nineteen  nelf-fertiliEed 
plants,  21 '5  omicea.    We  have  therefore  for  the  iveightanf  the 
three  lots  of  plants  the  following  ratios  :— 
The  Engiish'Crossed  to  the  self* fertilised  plants,  as  100  tn  IIS 
The  English-croBsed  to  the  intercrossed  plants,  as  100  to  100 
The  intercrossed  Ik)  the  self-fertilised  plants,  as  100  to  118 
We  thus  see  that  in  weight,  as  in  height,  the  self-fertilised 
plants  had  a  decided  advantage  over  the  English-crossed  and 
intercrossed  plants. 

The  remnining  soods  of  the  three  kinds,  whether  or  not  in  a 
stale  of  germination,  were  sown  in  three  long  parallel  rows  in 
the  open  ground;  and  here  a^ain  the  Belf-fertilised  seedlings 
exceeded  in  height  by  between  2  and  3  inches  the  seedlings 
in  the  two  other  rows,  which  were  of  nearly  equal  heights.  The 
three  rows  were  left  unprotected  throughout  the  winter,  and  all 
the  plants  were  killed,  with  the  exception  of  two  of  the  self- 
Tertilised  ;  so  that  as  fnr  as  this  little  bit  of  evidence  goes,  some 
of  the  self-fertilised  plants  were  more  hardy  than  any  of  tbo 
croREcd  plants  of  either  lot. 

We  thus  Kee  that  the  self- fertilised  plants  which  were  grown 
in  the  nine  pots  were  superior  in  height  (as  116  to  100),  and  in 
weight  (as  118  to  1(X)),  and  apparently  in  hardiness,  to  Uie  intor- 
crost^^d  plants  derived  from  a  cross  between  the  grnndchildren 
of  the  Srazilian  st^ck.  The  superiority  is  here  mnoh  more 
strongly  marked  than  in  the  second  trial  with  the  plants  of  the 
English  stock,  in  which  the  self-fertilised  were  to  the  crossed  in 
height  OS  101  to  100.  It  is  a  for  more  remarkable  facl^if  we 
I  bear  in  mind  the  effects  of  crossing  plants  with  pollen  &om  a 

6%Bh  stock  in  the  coses  of  Ipomcea,  Mimulus,  Brasstca,  aud 
Iberis— that  the  self- fertilised  plants  exceeded  in  height  (as  109 

Itn  100),  and  in  weight  (as  118  to  100),  the  ofepring  of  the 
Brazilian  stock  crossed  by  the  English  stuck;  the  two  stocks 
having  been  long  subjected  to  widely  different  conditions. 
If  wo  now  turn  to  the  ferliUty  of  the  three  lots  of  plants  we 
find  a  very  different  result.  I  may  premise  that  in  five  out  of 
the  nine  pots  the  first  plant  which  flowered  wasone  of  the  English- 
ciowed  ;  in  fonr  of  the  pots  it  was  a  self-fertilised  plant;  and  in 
not  one  did  ae  intercrossed  plant  flower  first;  eo  that  theeo 
lattrr  plants  were  beaten  in  this  respect,  as  in  so  many  cither 
ways.    The  three  closely  adjoining  rows  of  plants  growing  in 
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I  the  open  ground  flowered  profiisol^,  and  tfas  flowers  were  inces- 
I  aantly  yisiled  bj  bees,  and  certainly  (hus  intercrosBei.    The 
I  manner  in  which  several  plants  in  the  previoaa  esperimente 
continued  to  be  almost  sterile  us  long  as  they  were  covered  by  a 
net,  but  Bet  a  multitude  of  capsules  immediately  tbat  they  were 
uncovered,  proves  how  offeotnally  tbo  bees  carry  pollen  from 
plant  to  plant.      My  gardener  gathered,  at  three  BUccesBivo 
tiroes,  an  equal  BUinber  of  ripe  capsules  from  the  plants  of  the 
three  lots,  until  he  liad  collected  forty-flve  from  each  lot.    It  is 
not  possible  to  Judge  fiom  esternal  appearance  whether  or  not  a 
oapanle  contains  any  good  eeeda;  so  tbat  I  opened  all  the  cap- 
sules.   Of  the  fortj-flve  from  the  English -crossed  plants,  four 
were  empty;  of  those  from  the  intercrossed,  five  were  empty  ; 
and  of  those  fiom  the   self- fertilised,  nino  were    empty.    The 
seeds  were  counted  in  twenty-one  capsules  taken  by  chance  out 
of  each  lot,  nnd  the  average  number  of  seeds  in  the  capsulea 
from  the  English-crossed  planla  was  67 ;  from  the  intercrossed, 
66;  and  from  the  self- fertilised,  48 '52.    It  therefore  follows  that 
SeeiU. 
The  fortj-flve  capsules   (the  four  empty  ones  in- 
cluded) from  the  EDgliKh-crosaod  plants  contained    2747 
The   forty-five  oapsnles  (the  five  empty  ones    in- 
cluded) from  the  intercrossed  plants  contained       .     2240 
The  forty-five  capsules  (the  nine  empty  ones  in- 
cluded) from  the  self-fertilised  pUnte  oont«ined     .     I746'7 

The  roadei  should  remember  that  these  capsules  are  the  pro- 
dnct  of  croas-fertilisation,  efi'ected  by  the  bees;  and  that  the 
difference  in  the  number  of  the  contained  seeds  must  depend  on 
the  conatitution  of  the  plants; — that  is,  on  whether  thoy  were 
derived  from  a  cross  wiih  a  distinct  stock,  or  from  a  cross 
between  plants  of  the  same  stock,  or  from  self-fertilisation. 
From  the  above  facts  we  obtain  the  following  ratios  :— 


ti  an  equal  number  of  naturally 


►  Number  of  seeds  contained  ii 
fertilised  capsules  produced — 
By  the  EngUsh-crossed  and  self-fertilised  plants,  as  100  to  63 
By  the  English-crossed  and  intercrossed  plants,  as  100  to  81 
By  the  intercrossed  rmd  self-fertilised  plants,         as  100  to  78 

But  to  have  ascertained  the  product ivenesa  of  the  throe  lots 
of  plants,  it  would  have  been  necessary  to  know  how  many 
oapmilee  were  produced  by  the  some  nnmber  of  plants. 
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three  locg  rows,  howoTer,  were  not  of  qnito  equal  leiigthB,  and 
tbo  plante  were  mucli  crowded,  so  that  it  would  Lave  been  ex- 
tremely difficult  lo  have  ascertained  how  many  capsules  were 
produced  bj  them,  even  if  I  had  been  willing  to  undortftke  so 
laborious  a  task  as  to  collect  and  count  all  the  capsules.  Bat 
Ihis  was  feasible  with  the  plants  grown  in  pots  in  the  groou- 
houso;  and  although  these  were  much  less  fertile  than  those 
growiog  out  of  doors,  their  relative  fertiUty  appeared,  after  care- 
fully observing  them,  to  be  the  same.  The  nineteen  plants  of 
the  English-crossed  stock  in  the  jwts  produced  altogether  240 
capsules;  the  intercrossed  plante  (calculated  as  nineteen)  pro- 
duced 137'22  capsulee;  and  tbe  nineteen  self-fertilised  plants, 
152  capsules.  Nuw,  knowing  the  number  of  seeds  contained  in 
forty-flyo  capsules  uf  each  lot,  it  is  easy  to  calculate  the  relatrre 
numbers  of  seeds  produced  by  an  equal  uambor  of  the  plants  of 
the  three  lots. 

Number  of  seeds  produced  by  an  equal  number  of  natnrally- 
fertilised  plants. 

Seeds. 

Plants  of  English-crossed    and    self-fertilised 
parcQtagn as  100  to  40 

Plants  of  tbe  Buglish-orosBed  and  intercrossed 
parentage as  100  b>  45 

Plants  of  the  intercrossed  and  self- fertilised 
parentage as  100  to  S9 

Tbe  superiority  in  productiveness  of  tho  intercrossed  plants 
(that  is,  the  product  of  a  cross  lietwocn  the  grandchildren  of  the 
plants  which  grew  in  Brazil)  over  tbo  aalf-fertilised,  amnll  as  it  is, 
is  wholly  due  to  the  larger  average  number  of  seeds  contained  in 
the  capsules;  for  the  intercrossed  plants  produced  fewer  cap- 
sules in  the  greenhouse  than  did  the  self-fertilised  plants.  The 
great  superiority  in  prodnctivonesa  of  the  English -crossed  over 
the  self-fertilised  plants  is  shown  by  tbe  larger  nimtbor  of 
oapsnles  produced,  the  larger  average  number  of  contained  seeds, 
and  the  smaller  number  of  empty  capsules.  As  tbe  English- 
crossed  and  intercrossed  plants  were  the  offspring  of  crosses  in 
every  previous  generation  (as  must  have  been  the  case  from  the 
flowers  being  sterile  with  their  own  pollen),  wemayeonclade  that 
the  great  enperiorlty  in  productiveness  of  the  English-crossed 
over  the  intercrossed  plants  is  dne  to  the  two  paieolfi  of  Qie 
former  having  been  long  subjected  to  different  conditions. 
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The  Engliah-croBBed  plants,  tboa(;h  bo  superior  in  pioductiTo- 
nees,  were,  as  we  have  Been,  decidedl;  inferior  in  boight  and 

weight  to  the  Eolf-fertilised,  and  odI;  equal  to,  or  hardlj  superior 
to,  the  in1«rcroesed  plants.  Therefore,  the  wholo  adTaotago  of  a 
cross  with  a  distinct  stock  is  here  confined  to  productiyenesa,  and 
I  haTe  met  with  no  similar  ease. 

Vin.  EESEDACE^.— Rebbda  lutba 

collected  from  wild  plants  growing  in  this  neighbonr- 
]iDod  were  Bown  in  the  kitchen-garden;  and  sovbrai  of  the 
seedliagB  thus  raised  were  covered  with  a  net.  Of  these,  some 
were  Tonnd  (aa  will  hereafter  be  moTB  fully  described)  to  be 
absolntel;  sterile  when  left  to  fertilise  themselTcs  spontanconsly, 
although  plenty  of  pollen  fell  on  their  stigmas ;  and  they  were 
equally  sterile  when  artificially  and  repeatedly  fertilised  with 
their  own  pollen ;  whilst  other  plants  produced  a,  few  spon- 
taneonaly  self-fertilised  capaales.  The  lemainicg  plantR  were 
left  nncovered,  and  as  pollen  was  carried  from  plant  to  plant  by 
the  hire  and  humble-bees  which  incessantly  visit  the  flowerB, 
they  piodaced  an  abuudanca  of  capsules.  Of  tho  aece'sily  of 
pollen  being  carried  from  one  plant  to  another,  I  had  ampio 
evidence  in  the  case  of  this  species  and  of  B,  aloraiii ;  for  those 
plants,  which  set  no  seeds  or  very  few  as  long  bb  they  were 
piotecled  from  insects,  bccamo  loaded  with  capsules  immediately 
that  they  were  uncovered. 

Seeds  from  the  flowers  spontaneously  self-fertilised  under  the 
get,  and  from  flowers  naturally  crossed  by  the  hecB,  were  sown  on 
opposite  sidoB  of  five  large  pote.  The  seedlings  were  thirinud  aa 
as  they  appeared  above  ground,  so  that  an  equal  number 
left  on  the  two  side*.  After  a  time  the  po^s  were  plunged 
into  the  open  ground.  The  same  number  of  plunls  of  crossed 
and  Bslf-fertiUsed  parentage  wore  measured  up  to  the  summits 
of  their  flower-stemB,  with  the  result  given  in  the  following 
table  (XXXV.).  Those  which  did  not  produce  flower-stems  were 
not  measured. 

The  averse  height  of  the  twenty-four  crosEed  plants  Is  here 
17"  17  inches,  and  that  of  the  same  number  of  self- fertilised  planta 
14-61;  or  ae  100  to  86.  Of  the  croBsed  plants  all  but  five 
flowered,  whilst  several  of  the  self-fertilised  did  not  do  so.  The 
above  pairs,  whilst  still  in  flower,  but  with  some  capsules  already 
fiMned,  were  afterwards  cut  down  and  weighed.    The  orossecl 


weighed  90 '5  oimca 
only  19  ounces,  or 
differenoe. 
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;  and  an  equal  number  of  the  Belf-fertilieed 
la  100  (o  21;   and  this  is  tm  astoniBhing 

Tabib  XXXV. 

Beeeda  lulea,  in  polf. 


Ho.  or  Pot, 

C™«driAnliL 

1. 

lBd«. 

21 
HI 

i 

151 

Inche.. 
12] 
16 

is! 

I9l 

12 
16 

is 

1.1 
13 

u. 

ao 

17 
33 
17 
SO 

III. 

ISi 
10 
10 

14 

19 
20 
7 
17 

IV. 

?5' 

18 
16 
18 

9 

11' 

IB 
19) 

v. 

1' 

.'4 

lii 

ToUl  lu  [nches. 

412 -25 

350 -8S 

^^_        oro' 


Seeds  of  the  some  two  lots  were  also  sown  in  two  adjoining 
rows  in  the  open  gronnd.  There  wore  twenty  croseod  plants  in 
the  one  row  ond  thirty-two  Belf-fertilisod  plants  in  the  other 
tow,  so  that  the  eiperiment  was  not  qoite  liiir;  bnt  not  so  un- 
leir  as  it  at  first  appears,  for  the  plants  in  the  some  row  were  not 
otowded  BO  tnnch  as  Beriousl;  to  interfere  with  each  other's 
growth,  and  tlie  gnnuid  was  bare  on  the  ontdde  of  both  tovs- 


p.iy. 
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iiy 

1  the  puts  and 


These  plants  were  better  uourahed  than  those  ii 
grew  to  a  greater  heigUt.    Tbu  eiglit  tulloBt  plants  i' 
Wei's  meaaured  in  the  same  manner  as  before,  witli  the  followiog 
f  rasolt: — 

Tablb  XXSVL 

Seseda  !utea,  growing  in  the  open  ground. 


own.,,.. 

3.1f-J,rt.l,«.  Plant.. 

iDchea 

38 

33  i 

27 

ZS 

20| 

2B 

2G 

30 

2l! 

2M'75 

185 '13 

The  average  height  of  the  oroased  plants,  whilst  in  full  flower, 
iraahere  28'09,  and  that  of  the  seif-fertiliscd  23  11  inches;  or  as 
100  to  82.  It  is  a  singnlai  fact  that  the  tallest  plant  in  the  two 
rows,  was  one  uf  the  self-feitilisSd.  The  eelf-ft;rtilised  plants  had 
emaller  and  palor  green  leaves  than  the  crossed.  All  the  plrnits 
in  the  two  rows  were  afterwards  cut  down  and  weighed.  The 
twenty  crossed  plants  weighed  65  ounces,  aed  twenty  Eelf-ferti- 
lisod  (by  calculation  from  the  aotoal  weight  of  the  thirty-two  sult- 
fertilisudplaiitB)weiBhtd26-25ounce8;  orasl00to40.  Tlicre- 
iuTo  the  crossed  plants  did  not  exceed  in  weight  the  soir-fHrltlLtied 
plants  in  nearly  so  great  a  d^ree  as  tliose  growing  in  the 
pots,  owing  probably  to  the  latter  having  been  subjected  to  more 
3  mutual  competition.    On  the  other  hand,  they  exceeded 

le  aelf-fertiUaed  in  height  in  a  slightly  greater  degree. 

Bebeda  onoBATA. 

Plants  of  the  common  mignonette  were  raised  from  purchased 
V;V8ed,  and  several  of  them  were  placed  under  Rcparnte  nets.    Of 
some  became  loaded  with  apoutaufcouslj  self- fertilised  cap- 
_;  others  produced  a  few,  and  others  not  a  smgle  one.    It 
t  not  be  supposed  that  theMs  latter  plants  produced  no  seed 


J 
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becauBo  their  Btigmas  did  not  rccGive  finy  pollen,  fur  they  were 
repeatedly  fertilised  with  polloD  from  tlie  BBxne  plant  witli  do 
effcflt ;  hut  they  were  perfectly  fertile  wilh  pollen  from  any  other 
plant.  Spontaneously  telf-fertiliscd  EeeHs  were  saved  iram  odd 
of  tJie  highly  eelf-fertile  planla,  and  other  seeds  were  collected 
from  the  plants  growieg  outride  the  nets,  which  hod  been 
cros-'ed  by  the  bees.  These  eeoda  nfter  gormiitBting  on  sand 
were  planted  in  pairs  on  the  oppoEite  aides  of  fire  pot&  The 
plants  were  trained  np  Bticks,  and  measured  to  the  eununits  of 
their  leafy  stems— the  flower-stemanotbeingincluded.  We  here 
have  the  result ; — 

Tablb  xxxvn. 

Beaeda  cdoruta  (seedlings  from  a  highii)  S^/-/ertile  Plant) 


1 


N...1U. 

CreaedrUn 

So«-ft.mhedPl.«. 

InohM 

Indus. 

'■ 

20 
34 

22 
28 

23 

S2 

30 

n. 

34 

28  i 

34 

IP 

93 

30i 

la 

IT  J 

*t 

301 
30| 

Si 

IV. 

21 J 

22 

25 

32  j 

15 

32  J 

2i 

V. 

21 

25} 

l»! 

26| 

■•! 

Total  in  iachei. 

522-35 

428-60 

The  average  height  of  the  nineteen  crocised  plants  is  here 
!i7'48,  and  that  of  the  nineteen  Belf-fertilised  SU'SS  inchoa;  oraa 
100  to  89,    All  these  plants  were  cut  down  in  the  early  antmnn 
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land  weigtied:  theeroased  weigl^ed  11-6  ounces,  and  the  Belf- 

"  7'75ouDCOR,  or  as  100  to  67.    These  two  lota  Laving 

"  been  left  freely  exposed  to  the  visits  of  insects,  did  not  present 

any  differenoe  to  tha  eye  in  the  number  of  seed-capsnlee  which 

they  produced. 

The  remainder  of  the  same  two  lota  of  seeds  were  sown  in  two 
adjoining  rows  in  the  open  ground ;  so  that  the  plants  were  ex- 
posed to  only  moderate  competition.  The  eight  tallest  on  each 
I  nde  wore  measured,  as  ahowu  in  the  following  tabio  :^ 

tabli  xxxvm. 

Beitda  odoraia,  grojuing  in  the  open  ground. 


CroBKd  PlonU. 

SolM^iUscd  FltiDla. 

Inches. 

Incbea. 

24J 

26  g 

28 

39 

2li 

25 

27 

36 

25 

28 

';S^"}206-13 

216-75 

The  aven^  height  of  the  eight  crossed  plants  is  25*76,  and 
that  of  the  eight  aelf-fertiliaed  27-09 ;  or  aa  100  to  105. 

We  here  have  the  anomalous  result  of  the  self- fertilised  plants 
being  a  little  taller  than  the  crossed ;  of  wliich  fact  I  can  offer 
no  explanation.  It  is  of  course  possible,  but  not  probable,  that 
the  labels  may  have  been  interchanged  by  accident. 

Another  experiment  was  now  tried :  all  the  self- fertilised 
capanles,  though  very  few  in  nnmber,  were  gathered  from  one  of 
the  Bemi-eelf-st^rilo ;  ilants  under  a  net ;  and  a«  several  flowers  on 
this  same  plant  had  been  fertilieed  with  pollen  from  a  distiuct 
individoBl,  crossed  Boeds  were  thus  obtained.  I  expected  that  the 
seodlinga  from  this  semi-self'Sterile  plant  would  have  profiled 
in  a  higher  d^ree  from  a  cross,  than  did  the  seedlings  from 
the  fully  self-fertile  plants.  But  my  anticipation  was  quite  wrong, 
for  theyprofited  in  a  less  degree.  An  analogous  reeult  followed  ii 
the  ease  of  £scbschoUzia,  in  which  the  offsjiring  of  the  plaala  of 
Biuilian  parentnge  [.which  were  partially  self-sterile)  did  .not 
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profit  more  from  a  oroea,  than  did  the  plants  of  the  far  more 
self-furtilo  English  stock.  The  almve  two  Iota  of  crossed  aiul 
eelf-fertihecd  seeds  from  the  same  plant  of  Sexeda  odorala,  after 
germinating  on  sand,  wore  planted  on  opposite  aides  of  flTe  pota, 
and  meosuiod  as  in  the  lost  case,  with  the  following  result : — 

Table  SXXIX. 
Baeda  odorata  {teedUvge  from  a  semi-td/sterile  Plant), 


Kb.  of  Pot 

OwKilPUaM. 

seif-fmiltaBlPUiii*. 

I«b». 

IndiH. 

L 

31 

30i 

28 

sej 

131 

IL 

33 

ail 

331 

set 

25] 

33] 

30} 

UL 

17 

sa\ 

2S 

24 

33J 

34 

IV. 

19 

SO 

30 

32 

24 

31 

30 

88 

V. 

MS 
371 

"' 

37] 

Totil  1b  Inih<». 

689-75 

554-25 

I 


The  average  height  of  the  twenty  crossed  plants  is  here20-9t<, 
and  that  of  the  twenty  self-fertihsed  27'71  inches;  or  as  100  to 
iS.  Those  plants  were  then  cut  down  and  weighed;  and  the 
crossed  in  this  case  exceeded  the  self-fertilised  in  weight  by  a  mere 
trifle,  viz.,  m  the  ratio  of  100  to  99.  The  two  lols,  left  freely 
exposed  to  insects,  seemed  to  he  equally  fertile. 

The  ramainder  of  the  seed  was  sown  in  two  adjoining  rows  in 
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the  open  ground ;  and  tbe  eight  tnllest  pjoute  in  each  c< 
msaBored,  with  the  following  result : — 


Table  XL. 

Seteda  odorata  (eeedlmg»/rom  a  semi-ad/'slerile  Plant,  jilanted 
in  the  open  gTound). 


CnmalPUinta. 

28 
22 
25 
25 
29 
27 
22 
26 

India. 

•  SI 

21 
32 
37 
37 
19 

'^Swh^jaOT-SB 

188-38 

The  average  height  of  the  eight  crossed  plants  is  horo  25  "92, 
and  that  of  the  eight  self-fertilised  plaula  23-54  inches;  or  aa 
100  to  90. 

IX.  VIOLAGB^.-- Viola  teioolor. 
Whikt  the  flowers  of  the  common  cultivated  hearteeafic  are 
jomtg,  the  anthura  shed  thoir  pollen  into  a  little  Bemi-cylin- 
drical  passage,  formed  b;  the  liasal  portion  of  the  lower  petal, 
and  eurrounded  by  papillte.  The  pollen  thus  collected  lies 
close  beneath  the  stigma,  hat  can  seldom  gain  access  into  its 
cavity,  except  by  the  old  of  insecto,  which  pass  their  proboscides 
down  this  passage  into  the  nectary.*  Consequently  when  I 
covered  up  a  large  plant  of  a  cultivated  variety,  it  set  only 
eighteen  eapsules,  and  moat  of  these  contained  vciy  few  good 
seeds — several  ftom  only  one  to  three;  whereas  an  equally  fine 


^^K       TikUoiii 
^^^      Blamen, 


•  The  flowera  of  this  plant 
Imve  buen  fully  described  by 
Sprengel,  Hildeliiond,  Del  pi  no, 
iindH.HU]ler.  The  latter  uuthor 
.11  the  proviomi  ubder- 
TikUoiii  in  hia  '  Bclruohtun^  dtt 
Blamen,'  and  in  'Nature,'  Nov. 
fl^]8T3,p.44.  SeealBoMr.A.W. 


Bennett,  in  'Nutare,'  May  15, 
1873,  p.  50;  and  aunie  rcmaika 
by  Mr.  Kiloliener,  ibid.  p.  tlS. 
Tbe  fnotB  wbioh  follow  on  the 
t'fl'ecte  of  covc'iing  up  a  plunt 
of  V.  triooloT  have  been  quotoi' 
by  Sir  J.  Lnbbock  in  h'-  '  "~"'  ' 
Willi  Flowera,'  &c.  p.  6i 


a  • liritifli       J 

J 


I 
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nncorered  plant  ot  the  Bame  variety,  growing  close  bj,  produced 
105  fine  capsules.  The  few  flowers  which  produce  capsules  when 
insects  are  excluded,  are  perhaps  fertilised  by  the  curling  inwards 
of  the  petals  as  tiiey  wither,  for  by  this  means  poUen-gtaina 
adhering  to  the  papilliB  might  bo  inserted  into  the  cavi^  of  the 
stigma.  But  it  is  more  prohalile  that  their  fertilisation  is  effected, 
as  Mr.  Bennett  suggests,  b;  Thrips  and  certain  minute  beetles 
which  haunt  the  flowers,  and  which  cannot  bo  excluded  by  any 
net.  Humble-beea  are  the  usual  fertihsers ;  but  I  have  more  than 
once  seen  fliee  (Rhinyia  ntslrata)  at  work,  with  the  under  aides  of 
their  bodies,  heads  and  legs  dusted  with  pollen;  and  having 
marked  the  flowers  which  they  Tisited,  I  found  them  after  a  few 
days  fertilised.*  It  is  curious  for  how  long  a  time  the  flowers  of 
the  heartsease  and  of  some  other  plants  may  be  watched  without 
an  insect  Mng  seen  to  visit  them.  During  the  summer  of  1841, 1 
observed  many  times  daily  for  more  than  a  fortnight  some  large 
clumps  of  heartsease  growing  in  my  garden,  before  1  saw  a  single 
humble-bee  at  work.  During  another  summer  I  did  the  same,  but 
at  last  saw  some  dark-celoui'ed  humble-bees  visitmg  on  three  Buo- 
oeasive  days  almost  every  flower  in  several  clumjis ;  and  almost 
all  these  flowera  quicklj  withered  and  produced  fine  chpBule*. 
I  presume  that  a  certain  state  of  the  atmosphere  is  necessary 
for  the  secretion  of  nectar,  and  that  as  soon  as  this  occurs  the 
insects  discover  the  fact  by  the  odour  emitted,  and  immediatolj 
frequent  the  flowers. 
As  the  flowers  require  the  aid  of  Insects  for  their  complete 


*  I  should  add  tliat  this  fly 
npporentlj  did  not  snck  the  iieo 
bir,  but  woe  attiscted  by  the  pi- 

Eilho  which  saiTound  the  rtigma. 
L  Mliller  aleo  saw  a  Btuull  hue,  au 
Andietia,  wliicli  utiuld  Jint  roach 
the  uertnr,  lepoatedly  inserting 
11a  prubowis  beneath  tbe  eti^nia, 
where  ttiG  pHpillio  are  sitiinted: 
B<i  tlmt  th(<BD  papilliB  must  be  in 
Buiue  way  uttractive  to  inbeota.  A 
writer  aeeei'ta  ( '  Ziiologiet,'  vol. 
ili.-iv.  p.  1225)  that  a  muth 
(PluBiB)  fttquently  vista  llie 
flowers  ot  the  panay.  Hive-bera 
du  not  onliniirily  siait  ti.etu,  but 
a  nuifl  boa  been  recardtd  ('Gur- 
Ohronlflle,'  18M,  p.  374) 


of  tlicae  bees  doing  so.  H.  Miiller 
hna  also  seen  the  liive-beeat  work, 
but  only  on  tlie  wild  amoll- 
flowered  form.  Ue  givea  a  lilt 
('Nature,'  1873,  p  4S)  of  idl  the 
instota  wbiob  he  baa  seen  viaitins 
both  tbe  Irirge  and  amall-fiowered 
formB.  From  hia  account,  I  gas- 
pect  that  the  flowers  of  pinota  in 
a  atate  of  natoro  are  viaited  more 
frequently  by  insects  than  thoae 
of  the  oultivnled  varieties.  Ue 
lias  seen  several  butterflies  sucb- 
iag  the  flowers  of  wild  plants, 
and  this  I  have  never  obaerved  In 
gurdena,  taough  I  have  watebi-d 
tbo  flowera  during  miiny  jeois. 
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fertilisation,  and  ae  they  aie  not  visitod  by  insects  nearly  so  often 
OS  most  other  nectar-seoreting  flowers,  we  can  Tmdcrstand  tho 
remarkable  feet  diBcovered  by  H.  Miiller  and  described  by  him 
in  '  Nature,'  namely,  that  this  epecics  exiets  under  two  forma. 
One  of  these  bears  conspicnons  flowers,  which,  as  we  hove  seen, 
require  the  aid  of  insects,  and  are  adapted  to  be  cross-fer- 
tilised by  them ;  whilst  the  other  form  has  much  smallftr  and 
lass  conspicuonsly  coloured  flowers,  which  are  constructed  on  a 
slightly  different  plan,  fivvouring  Belf-fertilisation,  and  are  thus 
adapted  to  ensure  the  propi^atlon  of  tho  species.  The  self- 
fertile  form,  howeyer,  is  occasionally  Tisited,  and  may  bo  crossed 
by  insects,  though  this  is  rather  doubtful. 

In  my  first  eiperimente  on  Viola  tricolor  I  was  unsuccessful  in 
raising  seedlings,  and  obtained  only  one  full-grown  crossed  and 
self-fertilised  plant.  The  former  was  12J  inches  and  the  latter  8 
inches  in  height.  On  tlie  following  year  several  flowers  on  a 
fresh  plant  were  crossed  with  pollen  from  another  plant,  which 
was  known  to  be  a  distinct  seedling;  and  to  this  point  it  is  im- 
portant t«  attend.  Several  other  flowers  on  the  same  plant 
were  fertilised  with  their  own  pollen.  The  average  nnmber 
of  Boeds  in  the  ten  crossed  capsules  was  18'7,  and  in  the  twelve 
self-fertilised  capsules  12-83;  or  as  100  to  69.  These  seeds, 
after  germinating  on  bare  sand,  were  planted  in  pairs  on  tho 
opposite  sides  of  five  potB.  They  were  first  measnrod  when 
about  a  third  of  their  full  size,  and  the  crossed  plants  then 
averaged  3'87  inches,  and  the  self-fertilised  only  2-00  inches  in 
height ;  or  as  100  to  52.  They  were  kept  in  the  greenhouse,  and 
did  not  grow  vigorously.  Whilst  in  flower  thej  wore  again 
measured  to  tho  smmnitfi  of  their  stems  (see  Table  XLI.),  with 
the  following  resnlt : — 

The  average  height  of  the  fourteen  crossed  plants  is  here5"68 
inches,  and  that  of  the  fonrteen  self-fertilised  2-37;  or  as  100  to 
42.  In  four  ont  of  the  five  pota,  a  crossed  plant  flowered  before 
any  one  of  the  self-fertilised  ;  as  likewise  occurred  with  the  pair 
raised  daring  the  previous  year.  These  plants  without  being 
disturbed  were  now  turned  out  of  their  pots  and  planted  in  the 
open  ground,  so  as  to  form  five  separate  clumps.  Early  in  the 
following  summer  (18G9)  they  flowered  profusely,  and  being 
visited  by  humble-bees  set  many  capsules,  which  were  carefully 
collected  from  all  the  plants  on  both  sides.  The  crossed  plants 
produced  167  capsules,  and  the  self-fertilised  only  17 
100  to  10.    So  that  the  crossed  plants  were  more  than  twice 


/  ;  or  as  j 

wice  the  M 

M 
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hoSght  of  the  8olf- fertilised,  goneraliy  flowered  lirBt,  and  produced 
tea  times  as  mauy  natural!;  fertilised  capsules. 


Ho.  or  Pot. 

Cr«wdPlu>ta. 

!,»-»«.«  P,..» 

■■ 

71 

II. 

*, 

»1 

III. 

il 

II 

IT. 

11 

V. 

n 

1) 

Total  in  inches. 

78  13 

33-25 

B;  the  earl;  part  of  the  summer  of  1870  the  croaeed  plants  in 
b11  the  five  dumps  had  grown  and  Bprcnd  so  much  more  th«n 
the  self- fertilised,  that  an;  compariBou  betwecu  them  was 
Buperfluoua.  The  crossed  plants  were  covered  vrith  a  sheet  of 
bloom,  whilst  oal;  a  single  self- fertilised  plant,  which  waa  much 
finer  than  an;  of  its  brethren,  flowered.  The  croseod  and  self- 
fertjlisod  plants  had  now  grown  all  motted  together  on  the 
respective  sides  of  the  anperficial  partitions  still  separating  them ; 
and  in  the  clnmp  which  included  the  fineot  self-fertilised  plant, 
I  estimated  that  the  surface  covered  b;  the  croseed  plants  was 
about  nine  times  as  largo  as  that  covered  by  the  self- fertilised 
plants.  The  extraordinary  suporiorit;  of  the  crossed  over  the 
self- fertilised  plants  in  all  five  clumps,  waa  no  doubt  due  to 
the  crossed  plants  at  4irst  having  had  a  decided  advantage  over 
the  self-fertilised,  and  then  robbing  them  more  and  more  of  their 
fbod  during  the  succeeding  seasons.     But  we  should  remember 
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^^^^^t  tho  Bome  leenlt  would  follow  in  a  stat«  of  natoro  eveii  to  tt 
^^^bieater  degwfl ;    for  my  plants  grew  ia  groond  kept  clear  of 
^^Kreeds,  so  that  tlio  solf-fertilisod  liad  to  «om]X!te  oulj  with  the 
^^^oroBBed  plants;    whereas  the  whole  surface  of  the  ground  ia 

naturally  covered  with  Tarious  kinds  of  plante,  all  of  wliieh 

have  to  atrnggle  tf^ethei  for  eiifitenoe. 
The  ensuing  winter  waa  very  seTeto,  and  in  the  following 

fertilised  were  now  dead,  with  the  exception  of  a  Bingle  brwieh  on 
one  plant,  which  bore  on  its  summit  a  minute  rosette  of  leaves 
about  as  large  as  a  pea.    On  the  other  hand,  all  the  crossed 
plants  without  exception  were  growing  vigorously.    So  that  the 
self-fertilised  plants,  besides  their  inferiority  in  other  respects, 
were  more  tender. 

Another  experiment  was  now  tried  for  the  sake  of  ascertaining 
how  far  the  superiority  of  the  crossed  plants,  or  to  speak  more 
correctly,  the  inferiority  of  the  self-fertilised  plants,  would  be 
bansmitt«d  to  their  offspring.    The  one  crossed  and  one  self- 
fertilised  plant,  which  were  Srst  raised,  had  been  turned  out  of 
their  pot  and  planted  in  the  open  ground.    Both  produced  an 
abundance  of  very  fine  capsules,  from  which  fact  we  may  safely 
conclude  that  they  had  been  cross- fertilised  by  insects.    Seeds 
from  both,  after  germinating  on  sand,  wore  planted  in  pairs  on 
the  opposite  sides  of  three  pots.    The  naturally  crossed  seedlings 

^^H                                           Tabls  XLn. 
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doriTed  from  the  orossod  plants  flowered  in  all  throo  pots  before 
the  natural  I  y  croGHOd  seedlings  derived  from  the  Bolf-fertiliBed 
plants.  When  both  lots  wore  in  full  flower,  the  two  tallest 
plants  on  each  dde  of  each  pot  were  measured,  and  the  result 
is  shown  in  the  preceding  tahlo. 

Ilie  average  height  of  the  six  tallest  plants  derived  from  the 
oroBsed  plants  is  12*56  inches;  and  that  of  the  sis  tallest  plants 
derived  from  the  self-fertilised  plants  is  10'31  inches;  or  as 
100  to  82.  We  hare  see  a  considerable  difierance  in  height 
betweoQ  the  two  sets,  though  very  fur  from  equalling  that  in  the 
previous  trials  lietween  the  oStpring  from  crossed  and  self- 
fertilised  flowers.  This  differenee  mast  be  attributed  to  the 
latter  set  of  plants  having  inherited  a  weak  constitution  from 
their  parents,  the  o&pring  of  self -fertilised  flowers  ;  notwith- 
Btanding  that  the  parents  themselves  had  been  freely  inter- 
croBBod  with  other  plants  by  the  aid  of  insects, 

X.  RANUNCULACE.a;.— Adonis  sstivaub. 
The  results  of  my  ezperimcnts  on  tltis  plant  ore  hardly  worth 
giving,  as  I  remark  in  my  notes  made  at  the  time,  "seedlings, 
from  some  unknown  cause,  all  miserably  unhealthy,"  Nor  did  thoy 
ever  become  healthy ;  yet  1  feel  bound  to  give  the  present  oaeo, 
as  it  ia  opposed  lo  the  general  results  at  which  I  Imve  arrived. 
Fifteen  flowers  were  crossed  and  all  produced  fruit,  containing 
on  an  average  3a-5  seeds;  nineteen  flowers  were  fertilised  with 
their  own  jwllen,  and  thoy  likewise  all  yielded  fruit,  containing 
a  rather  larger  average  of  34-5  seeds ;  or  as  100  to  1*16.  Seedlings 
were  raised  from  these  seeds.  In  one  of  the  pots  all  tho  self- 
fertilised  plants  died  whilst  quite  young;  in  tho  two  others,  the 
measaroments  were  as  follows ; 

Table  XLHI. 
Adonis  lestivalis. 
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The  average  height  of  tho  four  croB8od  planla  ia  14'25,ftiid 
thnt  of  the  four  self-fortiliBod  plants  14-81;  or  as  lOOtolOO'4; 
BO  that  they  were  in  fact  of  equal  height  According  to  Profeseor 
H.  Eofimaim,*  this  phmt  is  proterandrocs ;  noTortheless  it  jielda 
pleu^  of  seeds  when  protected  from  ineects. 

SELFHnnmi  conbolida, 
It  has  heen  eaid  in  the  cufio  of  this  plant,  as  of  bo  many 
others,  that  the  Sowore  are  fertilised  in  ttio  bud,  and  that 
distinct  plants  or  varieties  can  never  naturally  intercroHfi.t  But 
this  is  an  error,  as  we  may  infer,  firatly  irom  the  flowers  being 
jmitenuidrons, — the  mature  stamens  bending  up,  one  after  tho 
other,  into  the  passage  which  leads  to  the  nectary,  and  aftorwanls 
the  mature  pistils  bending  in  the  same  direction;  secondly,  from 
the  number  of  humble-bees  which  visit  the  flowers  I ;  end  thirdly, 
from  the  greater  fertility  of  the  flowers  when  crossed  with  pollen 
from  a  distinct  plant  than  when  epoutoneously  eolf -fertilised.  In 
the  year  1863  I  enclosed  a  large  branch  in  a  net,  and  crossed  five 
flowers  with  poUen  from  a  distinct  plant;  these  jioldod  capsules 
containing  on  an  average  35 '2  very  fine  seeds,  with  amaximuui  of 
forty-two  in  one  capsula  Thirty-two  other  flowors  on  the  same 
branch  produced  twenty-eight  spontaneously  self- fertilised  cap- 
Bules,  containing  on  an  average  17'2  seeds,  with  a  maiiraum  in 
one  of  thirty-sis  soeds  But  sis  of  theee  capsnies  were  very  poor, 
yielding  only  from  one  to  five  seeds ;  if  those  are  eielndod,  tho 
remaining  twenty-two  capsules  give  an  average  of  2U-9  seeds, 
tbongh  many  of  these  seeds  were  small.  The  fairest  ratio, 
therefore,  for  the  number  of  seeds  produced  by  a  cross  and  by 
spontaneous  self-fertilisation  is  as  100  to  59.  These  seeds  were 
not  sown,  as  I  had  too  many  other  esporiments  in  progress, 

In  the  summer  of  1867,  which  was  a  vtry  nnfaTOurable  one, 
I  again  crossed  several  flowers  under  a  net  with  pollen  from  a 
distinct  plant,  and  fertilistdotberflowers  on  tho  some  plant  with 
their  own  pollen.  The  former  yielded  a  much  larger  proportion 
of  capsnies  than  the  latter;  and  many  of  the  seeds  in  tho  self- 
^^^iartilised  capsnies,  though  numerous,  wtje  so  poor  Uiat  an  equal 
^^^noiobet  of  seeds  from  the  dossed  and  self-fertilised  capsules 
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were  in  weight  as  100  to  45.  The  two  IoIe  were  allowed  to 
germinate  on  Band,  and  paira  were  planted  on  tho  opposite  eides 
of  tour  pofs.  When  nearly  two-third b  grown  they  were 
mo&Bnredj  as  shown  in  tlie  following  table : — 

Table  XLIV. 
J>e/phiniutii  consolida. 
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Tho  sis  crossed  plants  boro  average  14'!)5,  and  the  six  self- 
fortilised  12-50  inches  in  height ;  or  as  100  to  84.  When  folly 
grown  the;  were  again  mcosnred,  but  from  want  of  time  only  a. 
single  plant  on  each  side  was  measured ;  so  tlmt  1  have  thought 
it  best  to  give  the  earlier  measurements.  At  the  later  period 
the  three  tallest  crossed  plants  still  osceodcd  considerably  in 
height  the  three  tallest  self- fertilised,  bnt  not  in  quite  so  great 
a  degree  as  before.  The  pots  were  left  nncoTered  in  the  green- 
house, but  whether  the  flowers  were  intercrossed  by  bees  or  self- 
fertiiised  I  do  not  know.  The  sis  crossed  plants  produced  282 
mature  and  immature  ca])sules,  whilst  the  six  self-fertilised 
plants  produced  only  159  ;  or  as  100  to  56.  So  that  the  crossed 
plants  were  very  much  more  productive  than  the  self-fertiliBed. 

XL  CAEY0PHTLLACE^.--Vi80AKiA  ooulata, 
Twelve  flowers  were  crossed  with  poUon  from  another  plant, 
and  yielded  ton  capsules,  containing  by  weight  5'77  grains  of 
eoeds.  Eighteen  flowers  were  fertilised  with  their  own  pollen 
and  yielded  twelve  capsules,  containing  by  weight  2'6S  grains. 
Therefore  the  seeds  bom  an  equal  number  of  crossed  and  oeit 
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^fertilised  flowers  wonld  have  been  in  weight  a.s  100  to  38.  I  had 
jireTioaBly  selected  a  medium-Eized  capaulo  from  each  lot,  and 
eormted  the  seeds  in  both;  the  ciossud  one  cuntained  284,  and 
the  self-feililiBed  one  126  aetds;  or  as  100  to  44.  Those  seode 
were  sown  on  opposite  eides  of  three  pots,  and  several  i-eedling.s 
raised;  but  onlj  the  tallest  flower-stem  of  one  plant  on  each 
Bide  wsfi  measured.  The  three  on  the  crossed  fide  averaged  32'A 
inches,  and  the  three  on  the  stlf-fertilised  side  34  inehes  in 
height;  or  as  100  to  104,  But  this  trial  was  on  much  too  small 
a  scale  to  be  tniatod;  the  plants  also  grew  ho  unequally  that 
one  of  the  three  flowec-stemj  on  the  crossed  plants  was  Terj 
nearly  twice  as  tall  as  that  on  one  of  the  others;  and  one  of 
the  throe  flower-stems  on  the  E(r  If  fertilised  plaota  esceeded  in 
BQ  equal  degree  one  of  the  others. 

In  the  following  jear  the  experiment  was  repeated  on  a  larger 
scale:  ten  flowers  were  crossed  on  a  new  set  of  plants  and 
jielded  ten  capsules  containing  by  weight  6-54  grains  of  seed. 
Eighteen  spontaneously  self-fertilised  capsules  were  gathered, 
of  which  two  contained  no  seed  ;  the  other  sixtecD  contained  by 
weight  6*07  grains  of  seed.  Therefore  the  weight  of  seed  from 
an  equal  number  of  crossed  and  spontaneously  self-fertilised 
flowers  (instead  of  artiflciaily  fertilised  as  in  the  previous  ca-^o) 
was  as  100  to  58. 

The  seeds  after  germinating  on  sand  wore  planted  in  pairs  on 
the  opposite  sides  of  four  pots,  with  all  the  reuiaining  seeds  town 
crowded  in  the  opposite  sides  of  a  fifth  pot ;  in  this  lattir  pot 
only  the  tallest  plant  on  each  side  was  mtasurcd.  Until  the 
seedlings  had  grown  about  5  inches  in  height  no  difference 
could  ba  perceived  in  the  two  lots.  Both  lots  fiowertd  at  nearly 
the  same  time.  When  they  had  almtffit  done  flowering,  the 
talltct  Sower-stem  on  each  plant  was  measured,  as  shown  in  the 
following  table  (XLV.). 

The  fifteen  crossed  plants  here  averago  34'5,  and  the  fifteen 
nlf-fertilised  33-55  inches  in  height;  or  as  100  to  97.  So  that 
the  excess  of  height  of  the  crossed  plantsis  quite  insignificant.  In 
productiveness,  however,  the  difference  was  much  more  plainly 
marked.  All  the  cajisules  were  gathered  &om  both  lets  of  plants 
(except  from  the  crowded  and  unproductive  ones  in  Pot  P.),  and 
at  the  close  of  the  season  the  few  remaining  flowers  were  added 
The  fourteen  crossed  plants  produced  381,  whilst  the  four- 
self-fertilised  plants  produced  oniy  2^3cap^ule8  and  flowers; 
100  to  77. 
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DlAimiBB  CARTOFHTLLCS. 

1  cflniaticni  is  strongly  protciandrouH,  and  there- 
fofQ  depends  to  a.  large  extent  upon  ineocts  for  fortUisatioa.  I 
have  seen  only  humble-bws  Titdting  the  flowetSj  liut  I  dare  say 
other  ineecte  likewise  do  so.  It  is  notorioue  that  if  pure  seed  IH 
desired,  the  greatest  caro  is  necpssorj*  to  prereBt  the  varieties 
which  grow  in  the  same  garden  from  intercrossing.  The  pollen 
IB  gontrall;  shed  and  lost  before  the  two  stigmas  in  the  same 
flower  diverge  and  are  ready  to  be  fertilised.  I  was  therefore 
of1«t)  forced  to  use  for  self- fertilisation  pollen  [rom  the  same 
plant  instead  of  from  the  BBino  flower.  But  on  two  occafdoua, 
when  I  attended  to  this  point,  I  was  not  able  to  detect  any 
marked  difference  in  the  numkr  of  seeds  prodnoed  by  these  two 
fonuB  of  Belf-fertilifiation. 

GanloncrB'  Chroninle,'  IH-17,  p.  208. 
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Sevenil  Biogte-fltiwered  coroatioiiB  were  plaoled  in  good  Boil, 
and  were  all  covered  with  a  net.  Eight  flowers  wtre  crossed 
with  polien  from  a  distinct  plast  sud  yielded  six  capBales, 
containing  on  an  average  8S"6  seeds,  with  a  maiinnun  in  one  of 
112  seeds.  Eight  other  flowers  were  self-fertilised  in  th« 
manner  above  described,  and  yielded  seven  capsnles  containing 
OD  an  average  82  seeds,  with  a  maximum  in  one  of  112  seeds. 
8o  that  theM  was  very  little  difierence  in  the  niunbur  of  suede 
prodaced  by  croae-fertiljsation  and  self-fertiliBation,  viz.,  as 
100  to  92.  Afi  these  plants  were  covered  by  a  net,  they  pro- 
duced Bpontaneonsly  only  a  few  capsules  containing  any  seeds, 
and  these  few  may  perhaps  be  attributed  to  the  action  of 
Thrips  and  other  minute  insects  which  haunt  the  flowers.  A 
large  majority  of  the  Bpontaneously  seif-fertihaed  capsules  pro- 
dni^ed  by  several  plants  contained  no  seeds,  or  only  a  single  one. 
Excluding  these  latter  capsules,  I  countM  the  seeds  in  e^hteen 
of  the  finest  ones,  and  these  contained  on  an  average  IS  seeds. 
One  of  the  plants  was  spontaneously  self-rfertile  in  a  higher  degree 
than  any  of  the  others.  On  another  occasion  a  single  covered-up 
plant  produced  sponlaneously  eighteen  capsules,  but  only  two  of 
theee  contaioed  any  seed,  namely  10  and  15, 

Vroised  and  iwlf-fertilised  Plants  of  the  First  Generation. — The 
many  seeds  obtained  from  the  above  crossed  and  artificially 
self-fertilised  flowers  were  sown  out  of  doors,  and  two  large  beds 
of  seedlings,  closely  adjoining  one  another,  thns  raised.  This 
was  the  first  plant  on  which  I  experimented,  and  I  had  not 
then  formed  any  regular  scheme  of  operation.  "When  the  two 
lots  were  in  full  flower,  I  measured  roughly  a  large  number  of 
plants  but  record  only  that  the  crossed  were  on  an  average 
fully  4  inches  taller  than  the  self-fertilised.  Judging  from 
subsequent  measurements,  we  may  assume  that  the  crossed 
plants,  were  about  28  inches,  and  the  self-fertiliEed  abont 
a4  inches  in  height;  and  this  will  give  ua  a  ratio  of  100  to 
86.  Out  of  a  large  number  of  plants,  four  of  the  crossed  ones 
flowered  before  any  one  of  the  self- fertilised  plants. 

Thirty  flowers  or.  these  crossed  plants  of  the  first  generation 
were  again  crossed  witli  pollen  from  a  distinct  plant  of  the 
lot,  and  yielded  twenty-nine  capsules,  containing  on  an  average 
55'62  seeds,  with  a  maximum  in  one  of  110  seeds. 

Thirty  flowers  on  the  self-fertihsed  plants  were  a, 
fertilised  ;  eight  of  them  with  pollen  from  the  same  fl< 
the  remainder  with  pollen  from  another  flower  on 
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plant ;  and  those  pioduoed  twenty-two  capsules,  contaiuiog  ou  an 
average  35 '  95  seeds,  with  a  maiimom  in  one  of  61  seeds.  We 
thus  see,  judging  h;  the  number  of  seeds  pur  capsule,  that  the 
crossed  plants  again  crossed  were  more  productive  tban  the 
self-fertilised  again  self- fertilised,  in  the  ratio  of  100  to  65. 
Both  the  crossed  and  self- fertilised  plants,  from  having  grown 
much  crowded  in  the  two  beds,  produced  less  line  capsules  and 
fewer  seeds  than  did  their  parents. 

tViieseJ  and  itlf-fcTtilised  Ftii-nU  of  the  Second  Oeneration. — The 
crossed  and  self-fertilised  seeds  from  the  crossed  and  self-fertUtsed 
plants  of  tho  last  generation  were  sown  on  opposito  sides  of  two 
pots ;  but  the  seedlings  were  not  thinnod  enough,  so  that  both  lota 
grew  very  irrognlarlj,  and  moat  of  the  self-fertjliaed  plants  after 
a  time  died  from  being  smotJiered.  My  measurements  were, 
therefore,  very  incomplete.  From  the  first  the  crossed  seedlings 
appeared  the  finest,  and  when  they  were  on  an  average,  by  esti- 
mation, 5  inches  high,  the  Bolf-fortiljeod  plants  were  only  4 
inches.  In  both  pots  the  crossed  plants  flowered  first.  The  two 
tallest  flowor-slems  on  the  crossed  plants  in  the  two  pots  were 
17  and  161  inches  in  height ;  and  the  two  tallest  flower-stams 
on  tho  self-fertilised  plants  101  and  9  inches;  bo  that  their 
heights  were  as  100  to  58.  But  this  ratio,  deduced  from  only 
two  pairs,  obviously  is  not  in  the  least  trustworthy,  and  would 
not  have  been  given  hod  it  not  been  otherwise  supported.  1 
state  in  my  notes  that  the  crossed  plants  were  very  much  more 
lusuriant  than  their  opponents,  and  seemed  to  be  twice  as 
bulky.  This  latter  estimate  may  be  believed  from  tho  ascertained 
weights  of  the  two  lots  in  the  next  generation.  Some  flowers 
on  theso  crossed  plants  were  again  crossed  with  pollen  from 
another  plant  of  the  tame  lot,  and  some  flowers  on  the  self- 
fertilised  plants  again  self-fertilised;  and  &om  the  seeds  thus 
obtained  the  plants  of  the  next  generation  were  raised. 

Crowerf  and  si^l/-/ertUised  I'lanti  of  the  Third  Genera  (ion  .—The 
Boedfi  just  alluded  to  were  allowed  to  germinate  on  bare  sand, 
and  were  planted  in  pairs  on  the  opposite  sides  of  f6ur  pots. 
When  the  seedlings  wore  in  full  flower,  the  tallest  stem  on  each 
plant  was  measured  to  tho  base  ol  the  calyx.  The  measurements 
are  given  in  the  following  table  (XIjVI.),  In  Pot  I.  the  crossed 
and  self- fertilised  plants  flowered  at  the  same  time ;  but  in  the 
other  three  pofs  the  crossed  flowered  first.  These  latter  plants 
also  contiuuod  flowering  much  later  in  the  autumn  than  tho 
aelf-fertilised. 
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TablK  XLVl. 

Dianlhus  caryopkyllas  {Third  Oeneralioii). 
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The  average  height  of  the  eight  crossed  plnnta  ia  here  28-39 
inehcfl,  and  of  the  eight  self-fertilisod  2821;  or  as  IIXI  to  99. 
So  tlikt  tlioro  was  uo  differeDce  in  height  worth  speaking  of; 
bat  in  general  TJgour  and  luiurionce  there  was  an  astonishing 
difference,  as  shown  by  their  weights.  After  the  aeed-capaules 
had  been  gathered,  the  eight  crossed  and  the  eight  self-fertilised 
plants  were  cut  down  and  weighed ;  the  former  weighed  43 
oiineea,  and  the  latter  only  21  ounces;  or  as  100  to  49. 

These  plants  were  all  kept  under  a  net,  so  that  the  CBpsales 
which  they  produced  must  have  been  all  spontaneonsly  self- 
fertilised.  The  eight  crossed  plants  produced  twenty-one  each 
capsules,  of  which  only  twelve  contained  any  seed,  averaging 
8"6  per  capsule.  On  the  other  hand,  the  eight  Belf-fertilised 
plants  produced  no  less  than  thirty-six  capsuleB,  of  which  I 
examined  twenty-five,  and,  with  the  exception  of  three,  all 
contained  seeds,  averaging  10 'C3  seeds  per  capsule.  Thus  the 
proportional  number  of  seeds  ])er  capsule  produced  by  the  plants 
(rf  crossed  origin  tu  those  produced  by  the  plants  of  self-fertilised 
origin  (Ijolh  lots  being  apontanoousiy  solf-fertiiised)  was  as  100 
to  125.  This  aQomalons  result  is  probably  due  to  some  of  the 
self. fertilised  plants  having  varied  so  as  to  mature  their  pollen 
uid  stigmas  more  nearly  at  the  same  time  than  is  proper  to 
the  species ;  and  we  have  already  seen  that  some  plants  in  the 
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first  experiment  differed  from  the  others  in  being  slightly  more 
Belf-fertile. 

The  EffecUofaCrosa  tpilha/raih  Sfoet.— Twenty  flowers  on  lie 
self-fertilised  plantsof  the  last  or  third  generation,  in  Table  XL VI., 
were  fertiliBed  with  their  own  pollen,  but  taken  from  other 
flowers  on  the  panio  plants.  These  produced  fifteen  capsnlea, 
which  contained  (omitting  two  with  only  three  and  aix  seeds) 
on  an  average  i7-'2ii  seeds,  with  a  masimnm  of  seventy  in  one. 
The  Belf-fertilised  eapmiles  from  the  self-fertilised  plants  of  the 
first  generation  yielded  the  much  lower  aTarage  of  35'95  seeds; 
but  as  these  latt«r  plants  grew  extremely  crowded,  nothing  can 
be  inferred  with  respect  to  this  difference  in  their  Belf-fertility. 
The  seedlings  raised  from  the  above  seeds  constitute  the  plants 
of  the  fourth  self-fertilised  generation  in  the  following  table 
(XLVII.). 

Twelve  flowers  on  the  same  plants  of  the  third  self-fertilised 
generation,  in  Table  XLVI.,  were  crossed  with  pollen  from  the 
crossed  plants  in  the  same  table.  These  crossed  plants  had  been 
intercrossed  for  the  three  previous  generations ;  and  many  of 
them,  no  doubt,  were  more  or  less  closely  inter-related,  hnt  not 
BO  closely  as  in  some  of  the  experiments  with  other  epeciea;  for 
Bevornl  carnation  plants  had  been  raised  and  crossed  in  the 
earlier  generations.  They  were  not  related,  or  only  in  a  distant 
degree,  to  the  self- fertilised  plants.  The  parents  of  both  the 
self-fertilised  and  crossed  plants  had  been  subjected  to  as  nearly 
as  possible  the  same  conditions  during  the  three  previous  genera- 
tions. The  above  twelve  flowere  produced  ton  capsules,  contaift- 
ii)g  on  an  average  4S'66  seeds,  with  a  maximum  in  one  of 
seventy-two  seeds.  The  plants  raised  from  these  seeds  may  be 
called  the  intercraxBS'i. 

Lastly,  twelve  flowers  on  the  same  self-fertilised  plants  of  the 
third  generation  were  crossed  with  pollen  from  plants  which 
had  been  raised  from  seeds  purchased  in  London,  It  is  almost 
certain  that  the  plants  which  produced  these  seeds  had  grown 
nnder  very  different  conditions  to  those  to  which  my  self- 
fertilised  and  crossed  plants  had  been  subjected ;  and  they  w 
in  no  degree  related.  The  above  twelve  flowers  thus  crossed 
all  produced  capsules,  but  these  contained  the  low  average  of 
37-41  seeis  per  capsule,  with  a  maidmum  in  one  of  sixty-fout 
seeds.  It  is  surprising  that  this  cross  with  a  fresh  stock  did  not 
give  a  muoh  higher  average  number  of  seeds ;  for,  as  we  shall 
immediately  see,  the  plants  raised  from  these  soeds,  wliieh  may . 
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be  called  the  Londm-erosscl,  benefited  grently  by  the  cross,  both 

in  growth  and  fertility. 

The  abose  three  lots  of  eeods  were  allowed  to  germinate  on 

hare  Hand.    Many  of  the  Loadon-croBsed  germinated  before  the 

others,  and  were  rejected ;  and  many  of  the  intercrossed  later 

than  those  of  the  other  two  lota.    The  seeds  after  thus  germina- 

ting wei«  planted  in  ten  pots,  made  tripartite  by  superficial 

Tablb  XLVII. 
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diTisiona;  bat  wbon  onlf  two  kiods  of  Eoods  genniiuiticd  at  tlie 
same  tirao,  thoy  were  planted  on  the  opposite  sides  of  other  pots ; 
and  tim  is  indicated  by  blank  spaces  in  one  of  tiie  three  columnB 
in  Table  XLVH.  An  0  in  the  table  signifiea  that  the  seedling 
died  before  it  waa  measured;  and  a  +  sigoifies  that  the  plant 
did  not  prodnoe  a  flower-stem,  and  therefore  was  not  measured. 
It  deserves  notice  that  no  less  than  eight  oat  of  the  eighteen  self- 
fertilised  plants  either  died  or  did  not  flower;  whereas  o&ljr 
three  out  of  the  eighteen  intercrossed,  and  four  out  of  the  twenty 
London-croaeed  plants,  were  in  this  predicament.  The  self- 
fertilised  plants  had  a  decidedly  less  vigorous  appearanre 
than  the  plants  of  the  other  two  lots,  their  leaves  being 
smaller  and  narrower.  In  only  one  pot  did  a  self-fertilised  plant 
flower  before  one  of  the  two  kinds  of  crossed  plants,  between 
which  there  was  -ao  marked  difference  in  the  period  of  flowering. 
The  plants  were  measurod  to  the  base  of  the  calyx,  after  they 
had  cconpleted  their  growth,  late  in  the  autumn. 

Tlie  average  height  of  the  aiiteen  London-crossed  plants  in 
the  preceding  table  is  32-89  inches;  that  of  the  fifteen  inter- 
crossed plants,  28  inches;  and  that  of  the  ten  self-fertilised 
plants,  26 '55. 

So  that  in  height  we  have  the  following  ratios ; — 

The  London- crossed  lo  the  self- fertilised  as  100  to  81 

The  London-crossed  to  the  intercrossed  as    100  to  85 

The  intercrossed  to  the  self-fertiUsed  as        100  to  95 

These  three  late  of  plants,  which  it  should  be  remembered 

were  all  derived  on  the  mother-side  ftom  plants  of  the  third 

self-fertilised  generation,  fertilised  in  three  different  ways,  were 

left  exposed  to  the  visits  of  insects,  and  their  flowers  were  freely 

crossed  by  them.    As  the  capanles  of  each  lot  became  ripe  they 

were  gathered  and  kept  separate,  the  empty  or  bad  ones  being 

thrown  away.    But  towards  the  middle  of  October,  when  the 

capsules  could  no  longer  ripen,  all  were  gathered  and  were 

counted,  whether  good  or  bad.    The  capsules  were  then  crushed, 

and  the  seed  cleaned  by  sieves  and  weighed.    For  the  sake  of 

uniformity  the  results  ate  given  from  calculation,  as  if  there  liad 

been  twenty  plants  in  each  lot. 

The  sixteen  London-crossed  plants  actually  prodnced  286 
oapsules;  therefore  twenty  such  plants  wnuid  have  prodnced 
857'6  capsules;  and  from  the  actual  weight  of  the  seeds,  tho 
twenty  plants  would  havt  yiolded  1G2  grains  weight  of  seeds. 
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The  fifteen  intercrossed  plants  actuallj  produced  157  capsnles ; 
tborofore  twenty  of  tUam  would  have  produced  209-3  capenles, 
and  the  seeds  would  have  wdghed  208'4b  grains. 

The  ten  self-fertilised  planls  act nal I j  produced  70  capsules; 
tiierefore  twenty  of  them  would  have  produced  140  capsules ; 
and  the  seeds  would  have  weighed  153 '2  grains. 

Prom  these  data  we  get  the  foUowing  ratios ; — 

Number  of  capsules  produced  by  an  equal  number  of  'plants  u/ 
the  three  lots, 

JVumfier  af  Captaia. 

The  London-croflsed  to  the  solf-fortiliscd,  as  100  to  39 
The  London-crossed  to  the  intercrossed,  as  100  to  io 
The  intercrossed  to  the  self-fertilisod,  as       100  to  67 

Wviyht  of  seeds  produced  by  an  equal  number  of  plants  of  the 
three  loti, 

WeigU  of  Seed. 

The  London-crossed  to  the  self- fertilised,  as  100  to  33 
The  London-crossed  to  the  intercrossed,  as  100  to  45 
The  intercrossed  to  the  self-fertilisod,  as        100  to  73 

We  thus  see  how  greatly  the  oHspring  from  the  self-fertilised 
plants  of  the  third  generation  crossed  by  a  fresh  stock,  hod 
their  fertihty  increased,  whether  t^ted  by  the  number  of  cap- 
sules produced  or  by  the  weight  of  the  contained  seeds ;  this 
latter  being  the  more  trustworthy  method.  Even  the  offspring 
from  the  self-fertilised  plants  crossed  by  one  of  the  crossed 
plants  of  the  same  stock,  notwithstanding  that  both  lote  hod 
been  long  subjected  to  the  some  coaditions,  had  their  fertihty 
considerably  increased,  as  tested  by  the  same  two  methods. 

la  conelnsion  it  may  be  well  to  repeat  in  reference  to  the 
fertility  of  these  three  lots  of  plants,  that  their  flowers  were 
left  freely  exposed  to  the  visits  of  insects  and  were  undoubtedly 
crossed  by  them,  as  may  be  inferred  from  the  largo  number  of  good 
capsnlee  produced.  These  plants  were  all  the  offspring  of  the 
same  mother-plants,  and  the  strongly  nmrhed  difference  in  their 
fertility  must  be  attributed  to  the  nature  of  the  pollen  employed 
in  fertilising  their  parents;  and  the  difference  in  the  nature  of  the 
pollen  must  be  attribute  to  the  dilferent  treatment  to  which 
the  pollen-bearing  parents  hod  been  subjected  during  several 

k previous  generations. 
Oolowqfthe  Floivers.—lho  flowers  produced  by  the  self-fertilised      J 
^  ' ■ 
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plants  of  the  last  or  fourth  generation  «ere  as  uniform  in  tint 
OS  tbosc  of  a.  wild  species,  being  of  a  pale  pink  or  roee  colour. 
Analogous  caflos  with  Mimuhis  and  Ipomtea,  after  Eeveral 
generationB  of  Belf-ferti ligation,  have  been  already  gi^en.  The 
flowers  of  the  intercrossed  plants  of  the  fourth  generatioa  were 
likewise  nearly  uniform  in  colour.  On  the  other  hand,  the  flowers 
of  the  London-crossed  plants,  or  those  raised  from  a  cross  with 
the  fresh  Btock  which  bore  dark  crimson  floworK,  Taiicd  eitrcmelj 
in  colonr,  as  might  have  been  expected,  and  as  is  the  general 
rule  with  seedling  cornationB.  It  deserves  notice  that  only  two 
or  three  of  the  London-crossed  plante  produced  dark  crimson 
flowers  like  those  of  thoir  fathers,  and  onlj  a  Terj  few  of  a  pale 
pink  !ike  those  of  their  mothers.  The  groat  majority  had  thoir 
petals  longitudinally  and  variously  striped  with  the  two  colours, 
—the  groundwork  tint  being,  however,  in  some  cases  darker 
than  that  of  the  mother-plants. 


XIL  MALVACEAE.— EiBiBODS 
Many  flowers  on  this  Hibiscus  were  crossed  with  pollen  from 
a  distdnct  plant,  and  many  others  were  Bolf-fertllised.  A  rather 
larger  proportional  nninliei'  of  the  crossed  than  of  the  self- 
fertilised  flowers  yielded  capsuIeB,  and  the  crossed  capsules  con- 
tained rather  more  seeds.  The  self-fertilised  seeds  were  a  little 
heavier  than  an  equal  numhor  of  the  croseed  soeds,  but  they 
germjjioted  Iwdiy,  and  I  raised  only  four  plants  of  each  lot.  In 
three  out  of  the  four  pots,  tlie  crossed  plants  flowered  firBt 

Table  XLVIH. 
Hibticus  a/ricanvi. 
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The  four  crossed  plants  ffverage  13*25,  and  the  four  self-fer- 
tilised 14*43  inches  in  height;  or  as  100  to  109.  Here  we  have 
the  nnnsual  case  of  self-fertilised  plants  exceeding  the  crossed 
in  height ;  bnt  only  four  pairs  were  measured,  and  these  did  not 
grow  well  or  equally.  I  did  not  compare  the  fertility  of  the  two 
lotB. 
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Polarg:oDii]m  zooale,  a  crosa  between  plsote  piopoguted  by  oottiags 
does  DO  good^ — Tropienlum  minUH— Limnantliee  duujrlaaii — Lnpinns 
luteoB  and  piloBna— PhaaeoluB  mnltiflonis  and  vnlgarie — Lathjtna 
odoratus,  TarietieB  of,  neyei-  natiirallj  inleroroaa  in  England — Pienm 
sativum,  varietiea  of,  riirel;  intercross,  but  a  croaa  between  tbem 
bi)j;lily  beneficial — Sarothamnns  scopariuB,  woudorful  effects  of  a 
oro«B — Ononia  minutiseima,  oleuitogeno  flowora  of— BomnAry  on 
the  Leguminoate  —  Glurkia  elegana — Bartonia  nurea  —  Passiflora 
giaailia — Apinin  petroBeliaam  —  Scabiaea  ntropurpurea  —  Lactam 
Botiva— Speoularia  Bpeculum — Lobelia  mmoBB,  advanlflgca  of  a 
docs  during  twogenerationa — Lobelia  fnigens — Nemophiln  inBigDiB, 
great  advantages  of  a.  ctobs— Botngo  offlcinalia— Nolaoa  proatrata, 

Xm.  GERANIACE^— Pblabqonich  zonale. 
This  plimt,  as  a  general  rule,  is  etrougly  proterandroaa,*  and 
is  therefore  adapted  for  cross-fertilisation  by  the  aid  of  inaects. 
Some  flowers  on  a  common  scarlet  variety  were  Belf-fertilised, 
and  olber  flowers  were  crossed  with  pollen  from  another  plant; 
but  no  sooner  had  I  done  so,  than  I  remembered  thatthesa 
plants  bod  been  propagated  by  cnttiiige  from  the  same  stock, 
ajid  were  therefore  parts  in  a  strict  sense  of  the  same  individual. 
Nevertheless,  having  made  the  croes  I  reeolved  lo  save  the  seeds, 
which,  after  germinating  on  sand,  wore  planted  on  the  opposite 


*  Mr.  J.  Denny,  a  great  raiser 
of  new  varietiea  of  pelat^niuma, 
after  atating  that  this  apeciea  la 
proterandrouB,  adds  ('The  Kloriat 
and  Pomnlogiat,'  Jan.  1872,  p.  II) 
"there  are  Eonie  varietiea,  espe- 
cially Ihoae  with  petnla  of  a  pink 
colour,  or  which  pousess  a  weakly 
constitution,  nbere  tlie  pistil  ex- 
panda  as  soon  as  or  even  before 
the    pollen -bag    huTBta,    and    in 


which  alH)  the  pistil  is  frequently 
abort,  an  when  it  expands  it  is 
rmiitliered  aa  it  were  by  Che 
bursting  anihers;  Iheae  varieties 
arc  great  'ee<lerB,  each  pip  being 
fertilised  by  jta  own  policD.  I 
would  instance  Chrittine  as  an 
example  n(  this  fact.'  We  liava 
here  an  interesting  caae  of  va- 
riability in  an  important  fono- 
tional  point. 
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sides  of  three  pots.  In  one  pot  the  qiiasi-croReed  plant  was  very 
soon  and  ever  afterwords  tailor  and  finer  than  the  eelf-fertiliaed. 
In  the  two  other  pots  the  seedlings  on  both  eideE  were  for  a  tim« 
exactly  eqnal ;  bnt  when  the  eel f- fertilised  plants  were  about 
10  inches  in  height,  they  surpassed  their  antagonists  by  a  little, 
and  ever  afterwards  showed  a  more  decided  and  increasing 
adTantage;  so  that  the  self-fertilised  plants,  taken  altt^ther, 
were  SDinewhat  superior  to  the  qunai-crossed  plants.  In  this 
case,  as  in  that  of  the  Origaniuo,  if  individuals  which  have  been 
ftseruallj  propagated  from  the  same  stock,  and  which  have  been 
long  subjected  to  the  same  conditions,  are  crossed,  no  advantage 
wtiatever  is  gained. 

Several  flowers  on  another  plant  of  the  same  variety  were 
fertilised  with  pollen  from  the  younger  flowers  on  the  same  plant, 
so  as  to  avoid  using  the  old  and  long-shed  jwllen  trom  the  same 
flower,  as  1  thought  that  this  latter  might  be  lees  efScient  than 
fresh  polleu.  Other  flowers  on  the  same  plant  were  crossed  with 
fresh  pollen  from  a  plant  which,  although  closely  similar,  was 
known  to  have  arisen  as  a  distinct  seedling.  The  self-tertilised 
ueoda  germinated  rather  before  the  others ;  but  as  soon  as  I  got 
equal  pairs  they  were  planted  on  tha  opposite  sides  of  four  pots. 

Taslb  XUX. 
Pelargoniuia  zonaJe. 
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When  the  two  lots  of  seedlings  were  between  4  and  5  inches  in 
height  they  were  equal,  excepting  in  Pot  IV.,  in  whioli  the  crossed 
plant  was  mnch  the  talleai    When  between  11  and 
in  height,  they  were  measured  to  the  tips  of  their 
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leavoe;  the  crossed  averaged  13'46,  and  the  self-fQrtiliscd  11-07 
inches  in  height,  or  as  100  to  82.  Five  months  later  thoy  were 
again  measured  in  the  some  manner,  and  the  results  are  given 
in  the  preceding  table. 

The  BCTen  crossed  plants  now  averaged  22'35,  and  the  seveii 
self-fertilised  16  ■  62  innhes  in  height,  or  as  100  to  74.  But  from 
the  great  iaoqaalitr  of  the  several  plants,  the  result  is  less  trust- 
worthy than  in  most  otter  coses.  In  Pot  II.  the  two  self- 
fertilised  plants  always  had  an  advantage,  except  whilst  quite 
young  over  the  two  crossed  plants. 

As  I  wished  to  ascertain  how  these  plants  would  behave 
during  a  second  growth,  they  were  cut  down  close  to  the  ground 
whilst  growing  freely.  The  crossed  plants  now  showed  their 
superiority  in  another  way,  for  only  one  out  of  the  seven  was 
killed  by  the  operation,  whilst  tbroe  of  the  solf-fertilised  plants 
never  recovered.  There  woe,  therefore,  no  use  la  keeping  any  of 
tlie  plants  excepting  those  in  Pots  I.  and  lit.;  and  in  the 
following  year  the  crossed  plants  in  these  two  pots  showed  during 
their  second  growth  nearly  the  same  relative  superiority  over 
the  self-fertilised  plonts  as  before. 

TBOrxoLinf  uiNtB. 

The  flowers  are  proterandrous,  and  are  manifestly  adapted 
for  cross-fertilisation  by  insects,  as  shown  by  Sprengol  and 
Delpino.  Twelve  flowers  on  some  plants  growing  out  of  doora 
were  crossed  with  pollen  from  a  distinct  plant  and  produced 
eleven  capsules,  containing  altogether  twenty-four  good  seeds. 
Eighteen  flowers  were  fertilised  with  their  own  pollen  and 
prodaced  only  eleven  capsules,  containing  twenty-two  good 
seeds;  so  that  a  much  larger  proportion  of  the  crossed  than  of 
the  self-fertilised  flowers  produced  capsules,  aud  the  crossed 
capsules  contained  rather  more  seed  than  the  Belf-fertdlised  in 
the  ratio  of  100  to  92.  The  seeds  from  the  self-fertilised  oapenles 
were  however  the  heavier  of  the  two,  in  the  ratio  of  100  to  87. 

Seeds  in  on  equal  state  of  germination  were  planted  on  the 
opposite  sides  of  four  pots,  but  only  the  two  tallest  plants  on 
each  side  of  each  pot  were  measured  to  the  tops  of  their  stems. 
The  pots  were  placed  in  the  greenhouse,  and  the  plants  trained 
up  sticks,  so  that  they  ascended  to  an  unusual  height  In  three 
of  the  pots  the  crossed  plants  flowered  first,  but  in  the  fourth 
at  the  same  time  with  the  self-fertilised.  When  the  seedlings 
were  between  6  and  7  inches  in  height,  the  crossed  bi^n  lo 
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show  a  alight,  advant^e  over  theii  opponents.     When  grown  to 

u  conBiderablo  liuight  the  eight  tallost  croased  planta  averaged 

ii'AS,  and  the  eight  tallest  self-fortilisod  plants  37'3-l  inches, 

3  100  to  84.     When  their  growth  was  completed  they  weie 

Lagsiu  measui'cd,  as  shown  in  the  following  table ; — 

Table  L. 
Trop(u«>luiti  minus. 


Hg.oIFot. 

OroBBBd  PUntB. 

S^-f.ml.edPl^.. 

L 

India. 
S5 
50 

liuli«. 
31 

45 

n. 

69 
35 

42 
45 

III. 

70 

59J 

Si 

IV. 

571 

ill 

Total  in  inohas. 

467-5 

388-0 

^^BseTi 


'   The  eight  talleet  crossed  plants  now  averaged  58  43,  and  the 
;ht  tallest  self-fertilised  plants  46  Inches  in  height,  or  aa  100 


'  Thore  was  also  a  great  difference  in  the  fertility  of  the  two 
«  which  were  left  uncovered  in  the  greenhouse.  On  the  17th 
"of  S^eptember  the  capsules  from  all  the  plants  were  gathered, 
and  the  Beeds  counted.  The  crossed  plants  yielded  243,  whilst 
the  same  number  of  aelf-fertilisod  plants  yielded  only  155  seeds, 
or  aa  100  to  64. 


LlUHAHTHES   DOirnLaBII. 

Beveral  Bowers  wore  crossed  and  seif-fortilised  in  the  usual 
but  there  was  no  marked  tlifforence  in  the  nmnbec  of 
eeeds  which  they  yielded.  A  vast  number  of  spontaneously  self- 
fertilised  capBulOB  were  also  prodnced  under  the  net.  Seedlings 
vere  raised  in  five  pots  from  the  alhive  seeds,  and  when  the 
about  3  inches  in  height  they  showed  a  sUght 
r  the  self-fertilised.    When  double  this  height,  titf 
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sixtoen  crossed  and  sixteen  self-fertilised  pknta  were  measured 
to  the  tips  of  their  leaves;  the  former  Bvemged  7'3  inches,  aud 
the  self-fertilisod  6-07  inches  in  height,  or  as  100  to  83.  Tn 
at!  the  pots,  excepting  IV.,  a  crossed  plant  flowered  before  anj 
one  of  the  self-fertilised  plants.  The  plants,  when  fally  grown, 
were  again  measurod  to  the  siimmits  of  their  ripe  capsales,  with 
the  following  result : — 

TiBlB  LI. 
Limnanthn  douglasii. 


No.  of  Pot 

CroaBd  PlunU. 

S.U4^^Y^^ 

Inchu. 

luGlm 

I. 

17J 

11. 

20 
22 

is) 

21 

IS 

18( 

m. 

"1 

10 

0 

IV. 

aoj 

U| 

18 

HI 

V. 

17 

1*1 

!S! 

is! 

TdIbI  ia  Incbea. 

279-50 

207-75 

The  sisteen  crossed  plants  now  averaged  17-46,  and  the 
fifteen  (for  one  had  died)  self-fertilised  plnnta  13-85  inches  in 
height,  or  ss  100  to  79.  Mr.  Galton  considers  that  a  higher  ratio 
wonld  be  fairer,  viz.,  100  to  76.  He  made  a  graphical  representa- 
tion of  the  above  measurements,  and  adds  the  worda  "  very 
good  "to  the  curvature  thus  formed.  Both  lots  of  plants  pro- 
duced an  abundance  of  seed-capsnles,  and,  as  far  as  ooald  ba 
judged  by  the  eye,  there  was  no  difference  in  their  fertility. 


LOP1N0B  LUTEDS, 


XIV.  LEGUMINOS^. 
In  this  family  I  experimented  on  tUe  following  six 
genera,  Lupiniis,  Pliaaeulua,  Lathyrua,    Piaum,  Saro- 
tliamaus,  and  Ononis. 

LPPIKUS  LtlTIDB.* 

A  few  flowers  were  crosRed  with  pollen  from  a  difltinot  plant, 
but  owing  to  the  unfavourable  season  only  two  crossed  seeds 
were  produced.  Nine  seeds  were  eayed  from  flowers  spon- 
taneously self-fertilised  under  a  net,  on  the  same  plant  whioh 
fielded  the  two  crossed  seeds.  One  of  these  orosBcd  seeds  was 
sown  in  a  pot  with  two  self-fertilised  seeds  on  the  opposite  side; 
the  latter  came  up  between  two  and  three  daje  before  the  crossed 
seed  The  eeeond  crossed  seed  was  sown  in  hke  manner  with 
two  self-fertilised  seeds  on  the  opposite  side;  these  latter  also  came 
up  about  a  day  before  the  crossed  one.  In  both  pots,  therefore, 
the  crossed  seedlings  from  germinating  later,  were  at  flrst  com- 
pletely beaten  by  the  self-fertjlised ;  neyartheless,  this  state  of 
ttiiDgs  was  afterwards  completely  reversed.  The  aeeda  were 
sown  late  in  the  autumn,  and  the  pots,  which  were  much  too 
Bmall,  were  kept  in  the  greenhouse.  The  plants  in  conseqnence 
grew  Ijadly,  and  the  self-fertilised  suffered  most  in  both  pots. 
The  two  crossed  plants  when  in  flower  during  the  following  spring 
were  9  inches  in  height ;  one  of  the  self-fertihsed  plants  was 
8,  and  the  three  others  only  3  inches  in  height,  being  thus 
mere  dwarfs.  The  two  crossed  plants  produced  thirteen  pods, 
whilst  the  four  self-fertilised  plants  prodaced  only  a  single 
one.  Some  other  self-fertiUeed  plants  which  had  been  raised 
separately  in  larger  pots  produced  aevoral  spontaneously  self- 
fertilised  pods  under  a  net,  and  seeds  from  these  were  used  in  the 
IbUowing  experiment. 
L     Gnmedaad  a^-fertilise'i  Plants  of  the  Second  Oeneration. —  The 


•  The 


of  tbit  plunt,  and  the 
fertiiimtion,  hn»e  been  dLSoribed 
by  H.  Mliller, '  Bcfrool  itung,'  &c 
n.  2i».  The  Riivien  do  not 
free  iiecbir,  and  bees  gcn- 
ly  viidt  tham  for  their  pollen, 
nirrei-.    hiiirever,   remarkB 


of  the  flowerg      ('  Nature,'    1872,    p.    199)    that 


^^n«Uy  vi^t  tl 


vity  at  tha  tiaofc  and 
Dose  ni  me  ve^iiliam,  in  which  I 
have  DOt  been  Bble  to  Hnd  nictnr. 
ilut  tbe  beos,  whicli  oanatuoUy 
'itdt  tlieaa  Qowerd,  oorlaioly  go  to 
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apontimeoualy  self-fertiliaed  aocda  just  mentioned,  and  croseod 
Beodfi  obtained  b;  inten^roseing  the  two  croEsed  plants  <if  tho  kst 
generation,  after  gomiinatiDg  on  Band,  were  planted  in  pairs  on 
tbe  opposite  aides  of  three  large  potu.  When  the  Eeedlings  were 
only  i  inches  in  height,  the  crossed  had  a  slight  advanttigp 
over  their  opponents.  When  grown  to  their  full  height,  every 
one  of  the  croEsed  plants  exceeded  its  opponent  in  height. 
NoTortheless  tho  self-fortHised  plants  in  all  throe  pots  flowered 
before  the  crosBedl  The  measniements  are  given  in  the 
following  table ; — 

Tablh  LIL 
LupiTUd  hiteue. 


S«.atP<A. 

OraBedPl.nU. 

a.U-fertLll«dPlm». 

L 
II. 

331 

IS' 

SI 

28 

ll> 

2fl 
36 

III. 

5!' 

as 

Si 

Total  in  inchaa. 

340-25 

201-75 

The  eight  crossed  plants  hero  average  30'7S,  and  tho  eight 
self-fertilised  '25''21  inches  in  height;  eras  lOO  to  82.  These 
plants  were  left  uncovered  in  the  greenhouse  to  set  their  pods, 
but  thoj  produced  very  few  good  ones,  perhaps  in  part  owing  to 
few  hees  visiting  them.  The  crossed  plants  produced  nine  pods, 
oontaising  on  an  average  3'1  seeds,  and  the  self-fertilised  plants 
eeven  pods,  containing  on  an  average  3  seeds,  so  that  the  seeds 
from  aa  equal  number  of  plants  were  as  100  to  88. 

Two  other  eroseed  seedlings,  each  with  two  self- fertilised 
eeedlings  on  the  opposite  sides  of  the  same  large  pot,  were 
turned  out  of  their  pots  early  in  the  season,  without  being 
disturbed,  into  open  ground  of  good  quality.  They  were  thoa 
to  but  Uttle  competition  with  one  another,  in  com- 
parison with  the  plants  in  the  above  tiiree  pota.    In  the  aatumn 
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the  two  oroseed  plsinta  were  about  3  inc.heG  taller  than  the  four 
seif-fertilJBed.  plants;  the j  looked  also  more  vigorous  and  pro- 
duced raany  more  pods. 

Two  other  crossed  and  solf-fertiiised  Beeds  of  the  same  lot, 
after  germinating  on  sand,  were  planted  on  the  opposite  sides  ot 
a  large  pot,  in  which  a  Calceolaria  had  long  been  growing, 
and  were  therefore  exposed  to  unfavourahle  conditions :  tlie 
two  crossed  plants  ultimately  attained  a  height  of  20i  and 
20  inches,  whilst  the  two  self-fertilised  were  only  18  and  9i 
inchea  high. 

K  Ldfihus  FiLoena. 

K  From  a  series  of  accidents  I  was  again  unfortunate  in  obtaining 
P#  BufBcient  iiuiitl>er  of  crossed  seedlings ;  and  the  following 
'  results  would  not  be  worth  giving,  did  they  not  strictly  accord 
with  those  just  given  with  respect  to  /.,  luteus,  I  raised  at  first 
only  a  single  crossed  seedling,  which  was  placed  in  competitioii 
with  two  self-fertilised  ones  on  the  opposite  side  of  the  same 
pot.  These  plants,  without  being  disturbed,  were  soon  after- 
wards turned  into  the  open  ground.  By  the  autunm  the  crossed 
ptont  had  grown  to  bo  large  a  size  that  it  almost  smothered 
the  two  self- fertilised  plants,  which  were  mete  dwarfs;  and 
the  latter  died  without  maturity  a  single  pod.  Several  self- 
fertilised  seeds  had  been  planted  at  the  same  time  separately 
in  the  open  ground;  and  the  two  tallest  of  these  wore  33  and 
32  inches,  whereas  the  one  crossed  plant  was  38  ijiohes  in  height. 
This  latter  plant  also  produced  many  more  pods  than  did  any 
one  of  the  self-fertilised  plants,  although  growing  separately.  A 
few  flowers  on  the  one  crossed  plant  were  crossed  with  pollen 
&om  one  of  the  self-fertilised  plants,  for  I  had  no  other  crossed 
plant  from  which  to  obtain  pollen.  One  of  the  self-fertilised 
plants  having  been  covered  by  a  net  produced  plenty  of  spon- 
teneoosly  self- fertilised  pods. 

Orosted  and  aetf-feHUiaed  flanls  ufthe  Scamd  Gejieration. —pTom 
and  self-fertilised  seeds  obtained  in  tlio  manner  just 
ibed,  I  succeeded  in  raising  to  maturity  only  a  pair  of 
_  lantd,  which  were  kept  in  a  pot  in  the  greenhouse.  The  crossed 
plant  grew  to  a  height  of  33  inches,  and  the  self-fertilised  to 
that  of  261  inches.  The  former  produced,  whilst  still  kept  in 
thegreenhouso,  eight  pods,  containing  on  an  average  2 '77  seeds; 
id  the  latter  only  two  pods,  containing  on  an  average  2'6 
The  average  height  oS  the  two  crossed  plants  of  the  tw 


^^^Rted  the  latte 
^^BMda.    Then 
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gouemtiuns  tnken  logethor  was  32*5,  and  that  of  the  three  solf- 
fcrtilised  plants  of  the  eame  two  generationH  SO' 5;  or  as  100 
to  86* 

FHAasoLue  itoltifloeub. 
This  plant,  the  scarlet-runner  of  English  gardeners  and  the  P. 
rocciiwas  of  Lamarck,  originally  came  from  Mesico,  as  I  am  in- 
formed by  Mr.  Benthtun.  The  flowers  are  so  constructed  that 
hive  and  humble-bees,  which  visit  them  incessantly,  almost  always 
alight  on  the  left  %diig-petal,  us  they  can  best  suck  the  neotAr 
from  this  side.  Their  weiglit  and  movemontfl  depress  the  petal, 
and  this  caiiscH  the  stigma  to  protrude  from  the  spirally- wound 
keel,  and  a  brush  of  hairs  round  the  stigma  pushes  out  the  pollen 
before  it.  The  pollen  adheres  to  the  head  or  praboscis  of  the 
bee  which  is  at  work,  and  is  thus  placed  either  on  the  stigma 
of  the  same  flower,  or  is  carried  to  another  flower.t  Several 
years  ago  I  covered  some  plants  imdcr  a  large  net,  and  theee 
produced  on  one  occasion  about  one-third,  and  on  another  occa- 
sion about  ono-eighth,  of  the  number  of  pods  which  the  same 
number  of  uncovered  plants  growing  close  alongside  prodnoed.t 
This  lessened  fertility  was  not  caused  by  any  injury  from  the 
net,  as  I  moved  the  wing-petals  of  several  protected  flowers,  in 
the  same  manner  as  bees  do,  and  these  produced  remarkably 


•  We  here  see  that  both  Lupi- 
nua  lu'eus  imd  piloeia  seed  freely 
wlien  ineei^ts  are  eii'ludiid ;  but 
Mr.  Swale,  of  Christcliuroh,  in 
New  Zealand,  infonos  me  (bcb 
'Gatdenera'  Chrnnicle,'  1858,  p. 
E2tj)  that  the  garJeu  vniieties  of 
thalupiiit  aie  not  there  visited  \-y 
atij  beea,  and  Hint  they  leed  leaa 
freely  than  anv  otli'r  intriidated 
U'gnmiiiuua  plant,  witli  ihe  vxucp- 
tion  of  ted  elortir.  Hu  uddfi,  "  I 
have,  for  nmuacmi^nt,  during  the 
mmmer,  releospd  the  stnnienB  with 
a  pin,  and  a  pod  of  seed  has  bIwbvb 
rewarded  mn  t-i  my  tioiible,  the 
ftdjoluing  Q"wer«  iiot  bo  scived 
having  all  provid  blind. ■"  I  do 
not  know  to  wLat  apeolea  this 
■tatement  relets . 

t  The  HiiWurs  have  heen  ile- 
eoribrd  by  Dilpino,  ami  in  nn 
nrtmirablo  mannpr  hy  Mr.  Farmt 


in  the '  ADiitda  and  l/loff.  of  Nat. 
UixL'  vol.  ii.  (4th  Betiea)  Oct. 
1868,  p.  256.  My  boh  Fmnoia 
hnH  oiplained  ('Nnture,' 
1874,  p.  189)  the  use  of  oil 
liarity  in  theii  atractare,  : 
ft  lillle  vertieal  piojeation  on  the 
eliigle  fruu  Btainen  neur  ita  ba«e, 
which  seeme  plaPtd  ae  if  to  gnard 
the  eTitraoce  rato  the  two  neotar- 


vKntatlia  beea  reaching  the  nectar, 
nnl.HB  they  go  to  the  left  aiile  of 
thu  flower,  and  it  in  abw'lotely 
neoeasarv  tot  crosg-frrtilisation 
th^t  tlioy  sliDuld  alight  on  the 
li^ft  wiilg-pttal, 

t  'Gaidenara'  Chrnnicle,'  1857, 
p.  72S,  and  more  CBpecialW  Ibid, 
1»38,  p.  8-28.  A1.0  ■AnaalH  and 
Mim.  of  Nut.  Hint.'  3cd  seriea, 
vol.  ir.  ISSS,  p.  462. 
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fine  podflL  When  the  net  was  taken  off,  the  flowore  were  imme- 
diately visited  by  bees,  and  it  was  interesting  to  obeorve  how 
qnickly  the  plants  became  covered  with  young  pods.  Ah  the 
flowers  are  mach  frequented  by  Thripa,  the  self- fertilisation  of 
moat  of  the  flowers  under  the  net  may  have  been  due  to  the  action 
of  these  minute  insectB.  Dr.  Ogle  likewise  covered  up  a  large 
portion  of  a  plant,  and  "  ont  of  a  vast  number  of  bloetionis  thns 
protected  not  a  single  one  produced  a.  pod,  while  the  unprotected 
hloesoniB  were  for  the  most  part  fruitfol."  Mr.  Belt  gives  a 
more  onrious  case;  thia  plant  grows  well  and  flowerain  Nicaragua; 
but  as  none  of  the  native  bees  viait  the  flowers,  not  a  single  pod 
ie  ever  produced.* 

From  the  facts  now  given  we  may  feel  nearly  Buie  that 
individuals  of  the  same  variety  or  of  diflerent  varieties,  if  growing 
near  each  other  and  in  flower  at  the  same  time,  would  inter- 
cross ;  but  I  cannot  myself  advance  any  direct  evidence  of  such 
an  occurrence,  as  only  a  single  variety  is  commonly  cultivated  in 
England.  I  have,  however,  received  an  account  from  the  Rev. 
W.  A.  Leighton.  that  plants  raised  by  him  from  ordinary  seed 
produced  seeds  differing  in  an  extraordinary  manner  in  colour 
anil  shape,  lending  to  the  belief  that  their  parents  mnst  have 
been  crossed.  In  France  M.  Fermond  more  than  once  planted 
close  together  varieties  which  ordinarily  come  true  and  which 
bear  differently  coloured  flowers  and  seeds ;  and  the  offspring 
thus  raised  varied  so  greatly  that  there  could  hardly  be  a  doubt 
that  they  bad  intercrossed.!  On  the  other  hand,  Professor  IL 
Hoffmann  t  does  not  beheve  in  the  natural  crossing  of  Ihe 
varieties ;  for  although  seedlings  raised  from  two  varieties  growing 
close  together  produced  plants  which  yielded  seeds  of  a  mixed 
character,  he  ibund  that  this  likewise  occurred  with  plants  sepa- 
rated by  a  space  of  from  40  to  150  paces  from  any  other  variety  ; 
he  therefore  attributes  the  mixed  character  of  the  seed  to  sixinta- 


•  Dr.  Oglo, '  Pop.  Boienco  Bo- 
view,"  1870,  p.  168.  Mr.  Belt, 
'The  Notnralist  iu  Nicarftgoa,' 
1874,  p.  70.  Th«  latter  aulhor 
giv<M  Bi  caau  i.'  Nuture,'  1875, 
p.  213)  of  a  late  crop  uf  P.  malli- 
Jlorat  uear  Luiidiiii.  which  "waa 
d  burren  "  by  the  homblu- 


I boles  at  t1 
eod  of  e 


Qu,  as  they  frequently 
the  bases  of  the  Quwets 


t  '  F6nndation  choz  !<«  Vege- 
tnui,'  1899,  pp.  34-10.  He  adds 
ttiat  M.  Villiers  liaa  dabcribctl  a 
epoiitaoeoud  hybrid,  vhicli  he 
uulU  P.  eorcinea»  hyl/ridia,  in  tli( 
'  Auuak'B  de  In  Six,  K.  de  Horti- 
oulture."  Jnne  184*. 

t  '  UiMtiminung  des  Worthe* 
von  Spmies  irnd  Varicttt,'  1869, 
pp.  47-78. 
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neons  variability.  But  the  aboTo  distaccs  would  be  vet;  far  &om 
Biifficient  to  prevent  intercrossing ;  ctibbages  hnve  beon  known  to 
orosB  at  several  times  this  distance;  and  the  earefnl  Gartner* 
givee  man;  instancea  of  plante  growing  at  from  600  to  800  jardB 
apart  fertQiEing  one  another.  FrofeRsor  Hofiuunn  even  maintains 
that  the  flowers  of  the  kidney^bean  are  specialJy  adapted  fur 
self-fertilisation.  He  enclosed  eevcral  flowers  in  hags;  and  as 
the  buds  often  dropped  off,  he  attributes  the  partial  sterility  of 
these  flowers  to  the  injurioos  effecls  of  the  ))sgs,  and  not  to  the 
oxcluaiou  of  insects.  But  the  only  safe  method  of  experimenting 
is  to  cover  up  a  whole  plant,  whioh  then  never  suffers. 

Solf-fertilised  seeds  were  obtained  by  moving  up  and  down  in 
the  same  manner  as  t)ceB  do  the  wing-petals  of  flowers  protected 
by  a  not ;  and  crossed  seeds  were  obtained  by  crossing  two  of  the 
plants  under  the  same  set.  The  seeds  after  germinating  on  sand 
wore  ptonted  on  the  opposite  sides  of  two  lat^e  pois,  and  equal- 
eized  sticks  were  gireu  them  to  twine  up.  When  8  inches 
in  height,  the  plants  on  the  two  sides  wore  equal-  The  crossed 
plants  flowereii  tiefore  the  self- fertilised  in  both  pots.  As  soon 
as  one  of  each  pair  had  grown  to  the  summit  of  its  stick  hoth 
were  measured. 

Table  LIU. 
Phamdus  mullijlorus. 


«0.<^F0L 

CrMSHlPLiuiUk 

mt.u^,i^ru..^ 

L 

"87™' 
88 
82  J 

'3 

II. 

90 
831 

761 
87  i 

Total  in  InoheB. 

430-00 

*ll-75 

The  average  height  of  the  Ave  crossed  plants  is  86  inches,  and 
that  of  the  five  self- fertilised  plauts  8:3  '35 ;  or  as  100  to  96.  The 
potfi  were  kept  in  the  greenhouse,  and  there  was  little  or  no 
difiercnce  in  the  fertihtj  of  the  two  lots.  Therefore  as  far  as 
these  few  observationB  serve,  the  advantage  gained  by  a  orosa  is 

very  small.  _^_ 

•  'Kenntnias  del  BefrQcUtuug;  1844,  pp.  573,  577. 
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Phabeoltjb  vulgaris. 
I  With  respect  to  this  species,  I  merely  oacertained  that  the 
"  4o«erB  were  highly  fertile  when  insoota  were  eailuded,  as  indeed 
must  be  the  cnse,  for  the  pkata  ore  often  forced  during  the 
winter  when  no  insects  arc  present.  Some  plants  of  two  yarieties 
(viz.,  Cwiterbnry  and  Fulmer's  Forcii^  Bean)  wore  covered  with 
a  not,  and  they  seemed  to  produce  ae  many  pods,  containing  aB 
many  beans,  aa  some  uneovered  plants  growing  alongside ;  bat 
neither  the  pods  nor  the  bcaos  were  actually  counted.  This 
difference  in  self-fertility  between  P.  valyaris  and  inulfijiorus  is 
lomarliable,  as  these  two  epecies  are  so  closely  related  that 
LimuBus  thought  that  they  formed  one.  When  the  varieties  of  f. 
vulgaris  grow  near  one  another  in  the  open  ground,  they  some- 
times cross  largely,  notwithstanding  their  capacity  for  self- 
fertilisation.  Mr.  Coe  has  given  mo  a  remarkable  instance  of 
this  fiiot  with  respect  te  the  negro  and  a  white-seeded  and 
a  brown-seeded  variety,  which  were  all  grown  together.  The 
diverfiily  of  character  in  the  seedlinga  of  the  Becend  generation 
raised  by  me  from  his  plants  was  wonderful.  I  could  add  other 
aimlogoue  uabBfi,  and  the  fact  is  well  kLowu  to  gaideners,* 


^^^Hf  Almos 
^^^Bonaceoi 


Lathtbtts  0 
Almost  everyone  who  has  studied  the  stnictuio  of  papi- 
joa  flowers  has  been  convinced  that  they  are  specially 
adapted  for  cross- fertilisation,  although  many  of  the  species  are 
lihewiee  capable  of  self-fertUisation.  The  ease  tliercfore  of 
Vithyrus  odoralus  or  the  sweetr'pea  is  cnrions,  for  in  this 
conntry  it  seems  invariably  to  fertilise  itself.  I  concluiie  that 
this  is  so,  as  five  varieties,  differing  greatly  in  the  colour  of  thoir 
flowers  but  in  no  other  respect,  are  commonly  sold  and  come 
true ;  yet  on  inquiry  from  two  great  raisers  of  seed  for  sale,  I 
find  that  they  take  no  precautions  to  insiire  purity— the  five 
Tarieties  being  habitually  grown  close  together.!  I  haTe  myself 
purposely  made  similar  trials  with  the  same  result.  Although 
farieties  always  como  true,  yet,  as  we  shall  presently  see,  one 


*  1  have  given  Mr.  Cou'a  obbo 
■  Ganleuora'  Chranicle,' 
10.    Si'Oiilao  fur  another 


tllrc'  1872,  p.  242,  to  the  tamo 
effect.  Ho  once,  liowever.  saw 
boca  viaitiiig  the  flowers,  nnd  auji- 
poserl  that  un  tliia  occnaioii  they 
would  have  been  inteicroased.      , 


\ 
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of  the  five  well-known  Tarieties  oecasinnally  gives  birth  U>  another, 
which  exhibits  aU  ite  nsual  chara^itere.  Owing  to  this  cnrious 
tact,  and  to  the  darker-coloured  yarietiea  being  the  most  pro- 
ductive,  these  mcrease,  to  the  cxcloeion  of  the  others,  as  I  waa 
informed  b;  the  late  Mr.  Mofitcrs,  if  there  bo  no  selection. 

In  order  to  aacertam  what  wonld  be  the  effect  of  crossing  two 
Tarieties,  some  flowers  on  the  Pnrple  sweet-pea,  which  has  a 
dark  roddiBh-purplo  standard-petal  with  violet^coloured  wing- 
petals  and  keel,  were  castrated  whilst  very  yotmg,  and  were 
fertilised  with  pollen  of  the  Painted  Lady.  This  latter  variety 
has  a  pale  cherry-coloured  standard,  with  almost  white  wings 
and  keel.  On  two  occasions  I  raised  from  a  flower  thos  crossed 
plants  perfectly  resembling  both  parent-forms;  but  the  greater 
number  resembled  the  paternal  variety,  So  perfect  was  the 
resemblance,  that  I  should  have  suspected  some  mistake  in  the 
label,  had  not  the  plants,  which  were  at  first  identical  in  appear- 
ance with  the  father  or  Painted  Lady,  later  in  the  season  prodnced 
flowers  blotched  and  streaked  with  dark  purple.  This  is  an  in- 
toresting  example  of  partial  rovecsion  in  the  eame  Jndividoal 
plant  as  it  grows  older.  The  purple-flowered  plants  were  thrown 
away,  as  they  might  possibly  have  been  the  product  of  the 
accidental  self-fertiliBation  of  the  mother-plant,  owing  to  tho 
castration  not  having  been  effectual.  But  the  plants  which 
resembled  in  the  colour  of  their  flowers  the  paternal  variety  oi 
Painted  Lady  were  preserved,  and  their  seeds  saved.  Next 
BQmmer  many  plants  were  raised  from  those  seeds,  and  they 
generally  resembled  their  grandfather  the  Painted  Lads',  ^Q^ 
most  of  them  hod  their  wing-pt^tals  streaked  and  stained  with 
dark  pink  ;  and  a  few  had  pale  purple  wings  with  the  standard 
of  a  darker  crimson  than  is  natural  to  the  Painted  Lady,  so 
that  they  formed  a  new  sub-variety.  Amongst  those  plants 
a  single  one  appeared  having  purple  flowers  like  those  of  tho 
grandmother,  but  with  the  petals  slightly  streaked  with  a  paltir 
tint :  this  was  thrown  away.  Seeds  were  again  saved  from  the 
foregoing  plants,  and  the  seedlings  thus  raised  still  resembled 
the  Painted  Lady,  or  great-grandfather;  but  they  now  varied 
I  standard  petal  varying  from  pale  to  dark  red,  in  a 
few  instances  with  blotehes  of  white;  and  the  wing-petals  varied 
from  nearly  white  to  purple,  the  keel  being  in  all  nearly  whit«. 

Ae  no  variability  of  this  kind  con  be  detected  in  plants  raised 
from  seeds,  the  parents  of  which  have  grown  during  many  ano- 
oessive  generations  in  close  proaimity,  we  may  infer  that  they 
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mot  have  intorcrosced.  What  doos  occasionally  occur  is  that 
row  of  plauts  raised  from  seeds  of  one  Yarietjj  another 
y  true  of  its  kind  apjiears ;  for  instance,  in  a  long  row  of 
Scarlets  (the  seeds  of  which  had  been  carefull;  gathered  from 
Scarlets  fur  the  sake  of  this  expcrjinent)  two  Purples  and  one 
Painted  Lad;  appeared.  Seede  from  these  three  aberrant  plants 
were  Bared  and  sown  in  separate  heds.  The  seedlings  from  both 
the  Purples  were  chiefly  Purplos,  but  with  some  Painted  Ladies 
and  some  Scarlets.  The  seedlings  from  the  aberrant  Painted 
l^il^  were  cliiefly  Painted  Ladies  with  some  Scarlets.  Each 
TBTiety,  whatever  its  parentage  may  have  been,  retained  all  its 
characters  perfect,  and  there  was  no  streaking  or  blotching  of 
the  colours,  as  in  the  foregomg  plants  of  crossed  origin.  Another 
variety,  however,  is  often  sold,  which  is  striped  and  blotched 
with  dark  purple ;  and  this  is  probably  of  crossed  origin,  for  I 
found,  as  well  as  Mr.  Masters,  that  it  did  not  transmit  its 
characters  at  all  truly. 

From  the  evidence  now  given,  wl  may  conclude  that  the 
varieties  of  tlie  sweet-pea  rarely  or  never  iatercrosa  in  this 
country ;  and  this  is  a  highly  remarkable  fact,  considering,  lirstly, 
the  general  structure  of  the  flowers ;  secondly,  the  large  qUiintity 
of  p>llon  produced,  for  more  thnit  is  requisite  forself-fertilisatioa; 
and  thirdly,  the  occasional  v^its  of  insects.  That  insects  should 
sometimes  fail  to  cross-fertilise  the  Jiowers  is  intelligible,  for  I 
have  thrice  seen  hamble-bees  of  two  kinds,  as  well  as  hive-bece, 
sucking  the  nectar,  and  they  did  not  depress  the  keel-petals  so 
as  to  eipose  the  anthers  and  stigma  ;  they  were  therefore  quite 
inefficient  for  fertilising  the  flowers.  One  of  these  bees,  namely, 
Jloaibiis  lapidanun,  stood  on  one  side  at  the  base  of  the  standard 
and  inserted  its  proboscis  beneath  the  single  separate  stamen,  as 
I  afterwards  ascertained  by  opening  the  flower  and  finding  this 
GtamoD  prised  up.  Bees  are  forced  to  act  in  this  manner  from 
the  slit  in  the  ataminal  tube  being  closely  covered  by  the  broad 
mambrauous  margin  of  the  single  stamen,  ond  from  the  tulw 
not  being  perforated  by  nectar^passoges.  On  the  other  hand, 
in  the  three  British  species  of  Lathyms  which  1  have  examined, 
Q  the  allied  genus  Vicia,  two  nectar-passages  are  present, 

kerefoM  Britiah  bees  might  well  be  puzzled  how  to  act  in 
le  of  the  sweet-pea.    I  may  add  that  the  staminal  tube 

(  ABotbor  exotic   species,   Lathyrus  gramlijiorat,   is   not  per- 

Kted  by  nectar-pa'!sagei<,  and  this  species  has  rarely  set  any 
a  my  garden,  unless  the  wing-petals  were  moved  up  and 


I 
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iowa,  in  the  mme  maimer  aa  been  ought  to  do ;  and  then  pods 
were  genemllj  formed,  bat  from  Bomo  cause  often  dropped  off 
aftorwarik.  One  of  my  sons  caught  an  elephant  ephinx-moth 
whilst  Tisiting  the  flowers  of  the  Rwcet-peo,  !)ut  this  insect  would 
not  depress  the  wing-petals  and  keel.  On  the  other  hand,  I  have 
Been  on  one  occasion  hive-bees,  and  two  or  three  occasions  the 
Megadule  tuilbighbiella  in  the  act  of  doprossing  the  keel ;  and 
these  bees  had  the  under  sides  of  their  bodies  tliicklf  covered 
with  pollen,  and  could  not  thus  fiil  to  carry  pollen  from  one 
flower  to  the  stigma  of  another.  Why  then  do  not  the  varietieB 
occasionally  intercross,  though  this  would  not  often  happen,  aa 
insects  so  rarely  aut  in  an  efBcient  manner  ?  The  fuet  cannot,  as 
it  appears,  be  explained  by  the  flowers  being  self-fertiiised  at  a 
very  early  age;  for  although  nectar  is  somotimea  secreted  and 
pollen  adheres  to  the  viscid  stigma  before  the  flowers  are  fully 
expanded,  yet  in  five  young  flowers  which  were  examined 
by  rao  the  pollen-tubes  were  net  exserted.  Whatever  the  cause 
may  be,  wc  may  conclude,  that  in  Englantj  the  varieties  never  or 
very  rarely  intercross.  But  it  does  not  follow  from  this,  that 
they  would  not  be  crossed  by  the  aid  of  other  and  larger  insects 
in  their  native  counti'y,  which  in  botanical  works  is  said  to  be 
the  south  of  Europe  and  the  East  Indies.  Aeeordingly  I  wrote 
to  Professor  Delpiuo,  in  Florence,  and  he  informs  me  "  that  it  is 
the  fixed  opinion  of  gardeners  there  that  the  varieties  do  inter- 
cross, and  that  thoy  cannot  be  preserved  pare  unless  they  are 
sown  separately." 

It  follows  also  from  the  foregoing  facts  that  the  several  varietieB 
of  the  Bweet-p<a  must  have  propagated  themselves  in  England 
by  self-fertihEation  for  very  many  generations,  since  the  time 
when  each  new  variety  first  appeared.  Prom  the  aual<^y  of  the 
plants  of  Mimulus  and  Ipomcea,  which  had  been  self-fertilised 
for  several  generations,  and  from  trials  previously  made  with 
the  common  pea,  which  is  in  nearly  the  same  statfi  as  the  sweet- 
pea,  it  appeared  to  me  very  improbable  that  a  cross  between  the 
individuals  of  the  same  variety  would  benefit  the  offspring.  A 
cross  of  this  kind  was  therefore  not  tried,  which  I  now  regret 
But  acmie  flowers  of  the  Fainted  Lady,  castrated  at  an  early 
s^,  were  fertilised  with  pollen  from  the  Purple  sweetrpea;  and 
it  ahould  be  remembered  that  these  varieties  differ  in  nothing 
except  in  the  colour  of  their  flowers.  The  cross  was  manifestly 
effectual  (though  only  two  seeds  were  obtained),  as  was  shown 
\fj  the  two  Bsedlings,  wheo  they  flowered,  closely  resembling 
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ttaeii  &tber,  tho  Purple  pea,  excepting  that  thef  were  a  little 
lighter  coloured,  with  their  keels  slightly  streaked  with  pale 
purple.  Seods  from  flowers  epontaneouslj  self-fertiliEed.  noder  a 
Det  were  at  the  same  time  sared  from  the  same  niollier-plaiLt,  the 
Painted  Lady,  These  seeds  nnfortunatclj  did  not  germinate  on 
saod  at  the  same  time  with  the  crossed  seeds,  so  that  they  could 
not  be  planted  Rirnultanecinsly.  One  of  tho  two  crossed  seeds  in 
a  state  of  germination  was  planted  in  a  pot  (No.  I.)  in  wliich  a 
self-fertilised  seed  in  the  same  state  had  been  planted  four  days 
btioie,  Eo  that  this  latter  seedling  had  a  great  advantage  over 
the  crossed  one.  In  Pot  IL  the  other  croasted  seed  was  plauted 
two  dajs  before  a  self-fertilised  one;  so  that  here  the  crossed 
seedling  had  a  considerable  advantage  over  the  self-fertilised  one. 
But  this  crossed  seedliug  had  its  summit  gnawed  off  by  a  slug, 
and  was  in  consequence  for  a  time  quite  beaten  by  the  self- 
furtilised  plant.  Nerertheless  I  allowed  it  to  remain,  and  so 
great  was  its  constitutiona!  yigour  that  it  ultimately  lieat  its  un- 
Iniiired  self-fertilised  rival.    When  all  fonr  plants  were  almost 

If  grown  they  were  measnred,  aa  here  shown ; — 
le  two  crossed  plants  here  average  79'2a,  and  the  two  self- 
fertilised  63 '75  inches  in  height, or  as  100  to  80.  Six  flowers  on 
these  two  crossed  plante  were  reciprocally  crossed  with  pollen 
from  the  other  plant,  and  the  six  pods  thus  produced  contained 
on  an  average  sis  peas,  with  a  maimmm  in  one  of  seven.  Eigh- 
teen spontaneously  self-fertilised  pods  from  tho  Painted  Lady, 
which,  as  already  stated,  had  no  doubt  lieon  Relf-fertilised  for 
ly  previous  generations,  contained  ou  an  average  only  3-98 
ith  a  maxjinum  in  one  of  five  poas ;  so  that  the  numbra 
the  crossed  and  self-fertihscd  pods  was  aa  100  to  6G 


Tablh  LIV. 
Laihyrut  odoratus. 
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The  Bdf-fertilised  peas  were,  however,  quite  as  heavy  oe  thoee 
&oni  the  crossed  pods.  Ftom  these  two  lots  of  seeds,  the  plciats 
of  the  uest  goneratioo  were  raJBcd. 

I'laiili  of  the  Second  GeiieruCioii. — Many  of  the  self-fertilised 
peas  just  referred  to  genuiuated  on  sand  before  an;  of  the 
crossed  ones,  and  wore  rejected.  Ab  boob  as  I  got  equal  pairs, 
they  were  plauted  on  the  opposite  aides  of  two  largo  pote,  which 
were  kept  in  the  greenbouse.  The  seedlings  thus  raised  were  the 
grandchildren  of  the  Painted  Lady,  which  was  ftrst  croesed  by 
the  Purple  variety.  When  the  two  lots  were  from  4  to  6  inches 
in  height  there  was  no  difFerenco  between  them.  Nor  was  there 
any  marked  difference  in  the  period  of  their  flowering.  When 
fully  grown  they  were  measurod,  as  follows  : — 

Table  LV. 

LiithyTua  odoratus  (Second  Oenerution). 


».„p. 

S<¥dUngi  trura  PIniils 

Seedling*  from  PIhiK 
«.l(-rETttll»d  durlOK 

1. 

72  J 
53} 

Inclie-. 

sfl| 

u. 

81  J 

B 

Total  in  inchu. 

377-50 

331-86 

The  average  height  of  the  sii  crossed  plants  is  here  62-91,  and 
thtttoftheeixself-fertiliaed  55-31  inches;  oraal00to88.  There 
was  not  much  difference  in  the  fertiUty  of  the  two  lots ;  &o 
iirossed  plants  having  produced  in  the  greenhouEe  thirty-five 
pois,  and  the  self-fertihsed  thirty-two  pods. 

Seeds  were  saved  from  the  self-fertilised  Sowers  on  these  two 
lots  of  plants,  for  the  sake  of  ascertaining  whether  the  seedlings 
tliQS  raised  would  inherit  any  diOeronce  in  growth  or  Tigoni. 
It  must  therefore  be  understood  that  botli  lots  in  the  following 
trial  are  plants  of  self-fertilised  parentage;  but  that  in  the  aae 
lot  the  plants  were  the  children  of  plants  whieh  had  been  crossed 
daring  two  previous  geueratione,  having  been  before  that  self- 
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»....„ 

Self-fertilise)  rionta 
Itnm  Sflt-IerUIiHd 

L 

India. 
72 
73 

65™' 
611 

11. 

58 
68 

721 

64 
6HJ 

m. 

81 

601 

IV. 

77) 

76J 
452 

Total  <D  iachti. 

501 

fertilised  for  many  generations ;  and  that  in  the  other  lot  they 
were  the  children  of  plants  which  had  not  been  croBBed  for  very 
many  previous  generationH.  The  seeds  germinated  on  sand  and 
were  planted  in  paira  on  the  opposite  sides  of  four  pots.  They 
were  measured,  when  fully  grown,  with  the  followiiig  result  *-  ■ 

Table  LTI. 
Lalhyrus  odoraius. 


I'^G  average  height  of  the  bovod  self-fertilised  plants,  the  off- 
pring  of  crossed  plants,  is  71'57,  and  that  of  the  seven  self-fer- 
tilit^d  plants,  the  offspriog  of  solf-fertilised  plants,  is  64*57  ;  or 
as  100  to  90.  Tlio  self-fertilised  planla  from  the  setf-fertiiiBed 
produced  rather  more  pods— viz.,  thirty-six— than  the  eelf-fer- 
tilised  plants  from  the  crossed,  for  these  produced  only  thlrtj-one 

A  few  seeds  of  the  same  two  lota  were  sown  in  the  oppoaito 
comers  of  a  lai^  box  in  which  a  Brugniimsia  hiid  long  boon 
growing,  and  in  which  the  soil  was  so  exhfiusted  that  seeds  of 
IpirmiBi  I'urpitTfa  ■wov\d.  hardly  vegetate;  yet  the  two  plants  of 
the  sweet-pea  which  were  raised  flourished  well.  For  a  long 
time  the  self-fertilised  plant  from  the  self-fertilised  l>ent  the  self- 
fortilised  plant  from  the  orcissod  plant ;  the  former  flowered  first, 
and  was  at  one  time  771  inches,  whilst  the  latter  was  only  68i  in 
heieht;  bat  ultimately  the  plant  from  t)io  previous  cross  showed 

Eperiority  and  attained  a  height  of  108!  inches,  whilst  the 
was  only  95  inches.    I  also  sowed  some  of  the  same  two 
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lots  of  Beeils  in  poor  soil  in  a  ehady  pluce  in  a  ehiubbory.  Here 
agaiu  the  BClf-fertib'eod  plants  from  the  eelf-fertilised  for  a  long 
time  esceeded  coneiderably  in  height  those  from  the  previously 
croBBod  plants ;  and  ttiis  may  probably  be  attributed,  in  the 
present  as  in  the  lost  cose,  to  these  Beeds  baving  germinated 
rather  sooner  than  those  from  the  crossed  plants ;  bnt  at  the 
close  of  the  season  tlie  tallest  of  tlie  self-fertilised  plants  from 
the  crossed  plants  was  30  inches,  whilst  the  tallest  of  the  self' 
fertilised  from  the  self-fertilised  was  291-  inches  in  height. 

From  the  various  facts  now  given  we  see  that  plants  derived 
from  a  cross  between  two  varieties  of  the  sweef^pea,  which  differ 
in  no  respect  except  in  the  colour  of  their  flowers,  exceed 
considerably  in  height  the  offspring  from  self-fertilised  plants, 
both  in  the  first  and  second  generations.  The  crossed  plants 
also  transmit  their  superiority  in  height  and  vigour  to  their 
Belf-fertilised  ofispring. 

PiSUM  SATrVTTM. 

The  common  pea  is  perfectly  fertile  when  its  flowers  ore  pro- 
tected from  the  visits  of  insects ;  I  ascertained  this  with  two  or 
three  different  varieties,  as  did  Dr.  Ogle  with  another.  But  the 
flowers  are  likewise  adapted  for  cross-fertilisation;  Mr.  Parrer 
specifies  •  the  following  points,  namely  r  "  The  open  blosBom  dis- 
playing itself  in  the  most  attractive  and  convenient  position  for 
insects;  the  conspicuous  voiilltmi ;  the  wings  forming  an  olight- 
ii^  place;  the  attachment  of  the  wings  to  the  keel,  by  which 
any  body  pressing  on  the  former  must  press  down  the  latter; 
the  staminal  tube  enclosing  nectar,  and  affording  by  means  of  its 
partially  free  stamen  with  apertures  on  each  side  of  its  base  on 
open  passage  to  an  insect  seeking  the  nectar;  the  moist  and 
sticky  pollen  placed  just  where  it  will  be  swept  out  of  the  apex 
of  the  keel  against  the  entering  insect;  the  stiff  elastic  style  so 
placed  that  on  a  pressure  being  applied  to  the  keel  it  will  be 
pushed  upwards  out  of  the  keel ;  the  hairs  on  the  style  placed 
on  that  side  of  the  style  only  on  which  there  is  space  for  the 
pollen,  and  in  such  a  direotiou  as  to  sweep  it  out;  and  the 
stigma  BO  placed  as  to  meet  an  entering  insect,— all  these 
become  correlated  parts  of  one  elaborate  mechanism,  if  we 


"  'Nature,'  Oot.  10,   1S72,  p.      de«dption  of  the  tlowers,  'B«- 
479.    H.  MUller  givofl  an  tlibarate       fruoiitmis,'  &a.  p.  247. 
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Bupposa  that  the  fratilisatioii  of  these  flowers  is  effected  by  the 
carriage  of  pollen  from  one  to  the  other."  NotwithstandiDg  these 
TOanifest  jiroTisions  for  croas-fertilieation,  varieties  which  have 
been  cultirated  for  Terj  many  successive  generations  in  cIobo 
pnndnuty,  although  floweriDg  at  the  Bamo  time,  renmin  pure.  1 
have  elsQwhero  •  given  ovidenco  on  this  Iioad,  and  if  required 
could  give  more.  There  can.  hardly  he  a  doubt  that  eome  of 
Knight's  varieties,  which  were  originally  produced  by  an  artifleial 
(M»ss  and  were  very  vigorous,  lasted  for  at  least  sixty  yenie,  and 
during  ftU  these  years  were  seif-fertilised ;  for  had  it  been  other- 
wise, they  would  not  have  kept  true,  as  the  several  varieties 
are  generally  grown  near  together.  Most  of  the  varieties,  how- 
ever, endure  for  a  shorter  period;  and  this  may  be  iu  part  doe 
to  their  wealoiess  of  conatjtution  from  long-continued  self- 
fertilisation. 

It  is  remarkable,  considering  that  the  flowers  secrete  much 
nectar  and  afford  much  pollen,  how  seldom  they  are  Tisited  by 
insects  eitlier  in  England  or,  as  H.  Mullor  roniarfcB,  in  North 
Germany.  I  have  observed  the  flowers  for  the  last  thirty  years, 
andinaU  tHis  time  have  only  thrice  seen  bees  of  the  proper  kind  at 
work  (one  of  them  being  Bumbus  muscorum),  such  as  were  Btif- 
ficientlyixiwerful  to  depress  the  keel,  so  as  to  get  the  undersides  of 
their  bodies  dust«d  with  pollen,  lliese  bees  visited  several  flowers, 
and  could  hardly  have  failed  to  cross-fertilise  them.  Hivo-beea 
and  other  small  kinds  sometimes  collect  pollen  from  old  and 
already  fertilised  flowers,  but  this  is  of  no  account.  The  rarity 
of  the  visits  of  efficient  bees  to  this  exotic  plant  is,  I  believe,  the 
chief  cause  of  tlie  varieties  so  seldom  intererossing.  That  a 
croBSdoes  occasionally  take  place,  as  might  be  expected  from  what 
has  just  been  stated,  is  certain,  from  the  recorded  coses  of  the  direct 
action  of  the  pollen  of  one  variety  on  the  seed-coats  of  another.t 
The  late  Mr.  Masters,  who  particularly  attended  to  the  raising  of 
now  varieties  of  peas,  was  convinced  that  some  of  them  had 
originated  from  accidental  crosses.  But  as  such  crosses  are 
rare,  the  old  varieties  would  not  often  be  thus  deteriorated,  more 
aspeoially  as  planta  departing  from  the  proper  type  ore  generally 
1  by  those  who  collect  seed  for  sale.  There  is  another 
B  which  probably  tends  to  render  cross- fertilisation  i 


Tarlution    of  AnimalB  and  t  'Vnr, 

9     under      Domeuticntioii,'      cluip.  xi.  2i 
ix.  2nd  edit  vol.  i,  p.  348. 
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name!;,  the  early  s^  at  which  the  polIea-tnboB  a 
eight  flowere  not  fully  expanded  were  examined,  and  ii 
these  the  pollen-tubes  were  in  this  state;  but  they  had  not  aa 
yet  penetrated  the  stigma.  Althou};h  so  few  insects  visit  the 
flowers  of  the  pea  in  this  country  or  in  North  Gerroany,  and 
although  the  antherB  eoom  here  to  open  abnormally  soon,  it  does 
uot  foUow  that  the  species  in  its  native  country  would  be  thne 
circumBtanced. 

Owing  to  the  varieties  having  been  self-fertiHBod  for  many 
generations,  and  fa)  their  having  been  Bubjectod  in  each  genera- 
tion to  nearly  the  same  conditions  (as  will  be  explained  in  a 
future  chapter),  I  did  not  expect  that  a  cross  between  two  such 
plants  would  beneht  the  nfft^pring  ;  and  bo  it  i>roved  on  trial.  In 
1867  I  covered  up  several  plants  of  the  Early  Emperor  pea,  which 
was  not  then  a  very  new  variety,  so  that  it  must  already  have 
been  propagated  by  Belf-fertilisation  for  at  least  a  dozen  genera- 
tiooa.  Some  flowers  wore  crossed  with  pollen  from  a  distinct 
plant  growing  in  the  same  row,  and  others  were  allowed  to 
fertiliBo  themselves  uniJer  a  net.  The  two  lots  of  soeds  thus 
obtained  were  sown  on  opposite  aidea  of  two  large  pots,  bat  only 
four  pairs  came  up  at  the  same  time.  The  pots  were  kept  in  the 
gtBethouSe.  The  seedlings  of  both  lots  when  between  6  and  7 
inches  in  height  were  equal.  When  nearly  full-grown  they 
wore  measured,  as  in  the  following  table  :— 

Table  LVII. 

Pisum  sativum. 


No.  of  Pot 

CtDSsqd  rinnu. 

Sdf-ftrKKMdPlurti. 

I. 

Ind,«. 
35 

ssa 

11. 

11' 

37 

51 
45 
33 

Total  in  inches. 

138-50 

158-78 

The  average  height  of  tlio  four  crossed  plants  is  here  34'62, 
and  that  ofthe  four  self-fertilised  plants  39-68,  or  as  100  to  115. 
So  that  the  crossed  plants,  far  from  beating  the  self-fertiliBOd, 
were  coin|iletcly  beaten  by  them. 


SAROTUAMNLS   HCOI'AUIUS.  163 

Thoro  can  be  no  doubt  ■that  the  result  would  have  been 
widely  difforent,  if  any  two  Tarietiea  out  of  the  numberiesE  ones 
whicli  exist  had  been  crossed.  Notwithstanding  that  both  had 
been  Belf-fertilised  for  many  previous  generotiiina,  each  would 
aJmost  certainly  have  poBsessod  its  own  peculiar  coUBtitution ; 
ftnd  this  degroo  of  differentiation  would  have  been  Bufficiont  to 
make  a  cross  highly  beneficial  X  have  spoken  thus  confidently 
of  the  beneflt  which  would  have  been  derived  from  ciossing  any 
two  varieties  of  the  pea  from  the  following  facts;  Andrew 
Knight  in  siwaldng  of  ti,o  reBulta  of  croaaing  reciprocally  very 
tail  and  short  varieties,  Eaya,*  "I  had  in  tliis  experiment  a 
Btriking  instance  of  the  stimulativo  efiects  of  crossing  the  breeds ; 
for  the  Biiiallest  variety,  whose  heiglit  rarely  exceeded  2  fool^ 
was  increased  to  (j  feet;  whilst  the  height  of  the  large  and 
luxuriant  kind  was  very  little  diminished."  Recently  Mr.  Laston 
has  made  numerous  croseos,  and  everyone  has  been  astonishod  at 
the  Tigour  and  lusurianoe  of  the  new  varieties  which  ho  has  thus 
raised  and  afterwards  fixed  by  selection.  He  gave  me  seed-peas 
produced  from  crosses  between  four  distinct  kinds ;  and  thd 
plants  thus  raised  were  extraordinarily  vigorous,  being  in  each 
case  from  1  to  2  oi  even  S  feet  taller  than  the  paienl^fomia, 
which  wera  raised  at  the  same  time  close  alongside.  But  as 
I  did  not  measnre  their  actnnl  height  I  cannot  give  the  exact 
ratio,  but  it  must  have  been  at  least  as  100  to  75.  A  similar 
bial  was  subsequently  made  with  two  other  peas  from  a  different 
croes.and  the  result  was  nearly  the  same.  For  instance,  a  crossed 
seedling  between  tho  Maple  and  Purple-podded  pea  was  planted 
in  poor  soil  and  grew  to  the  extraordinary  height  of  IIG  inches  i 

rhereaa  the  tallest  plant  of  either  parent  variety,  namely,  a 
ile-podded  pea,  was  only  TOinchea  in  height;  or  as  100  to  60. 


Sabothamnus  aoopAKica. 


IS  incessantlj  visit  the  flowers  of  tho  common  Broom,  and 
those  are  adapted  by  a  curious  mechanism  for  cross-fertilisation. 
When  a  bee  alights  on  tlie  wing-petals  of  a  young  flowor,  the 
keel  is  slightly  opened  and  the  short  stamens  spring  out,  which 
rub  their  pollen  against  the  alidomon  of  tho  boo.  If  a  rather 
older  flowor  is  visited  for  the  first  time  (or  if  the  bee  cKerta  great 
Sorce  on  a  younger  flowor),  the  keel  opens  along  its  whole 

1,  and  tho  longer  as  well  as  thu  shorter  stamens,  together 


^^^Httth,  and 

L 


'Philosophical  I'ranflaotioiw,'  1799.  p.  200. 
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with  tliii  muoli  oloiigatod  curved  pistil,  spring  forib  nith  t 

Till!  llutUiiiiiii,  B]iooti-1iko  eitremity  of  the  pistil  reete  for  a  taw 
on  tho  bii^k  of  tho  lioe,  and  loares  on  it  the  load  (rf  poQen  witb 
whioh  It  ja  ohargud.  As  soon  as  the  bee  flies  Away,  the  pistil 
inHlrtittly  ourU  round,  io  that  the  stigmatic  enr&ce  is  now  ap- 
tiimiic]  and  ocuu{iiiM  a  [xmitioQ,  in  which  it  vonld  be  niUaed 
im'iinNt  Ih'i  atxluiiiuii  of  another  tioe  Tieiting  the  sanie  flow^. 
ThuH,  whtin  the  pistil  first  escapes  from  the  ked,  \i>e  stigma 
In  riihtHxl  oguiust  tho  bock  ef  tho  bee,  dnet^^d  with  pollen 
from  tho  lunger  Hlumumi,  either  of  the  some  or  acotlier  flower; 
and  afterwards  ayiainst  the  lower  surface  of  the  l>ec  dosled 
with  {lullun  from  tho  shorter  Htamene,  which  ie  often  shed  a 
day  or  two  bofore  thnt  from  the  longer  Btamens.  *  By  this 
tnoohanlNm  enjHH-fertiliwktJon  is  rondcrod  almost  inevitable,  and 
wo  Mhall  iiiLmodiately  soo  that  pollen  from  a  distinct  plant  is 
more  elTi^i^l  Ivii  tlian  tliat  fruia  the  same  flower.  I  need  only  add 
that,  aeeiirilliiK  to  II.  Milllor,  the  flowers  do  not  secrete  nectar, 
and  ho  thinks  that  Iwos  insert  their  proboscides  only  in  the  hope 
of  flnding  ueotar ;  liut  thoy  act  in  this  manner  so  frequently  and 
for  no  lonf!  a  time  that  I  cannot  avoid  the  belief  that  the; 
obtain  somutliing  iialatiihle  within  tho  flowers. 

If  the  visltB  of  boos  are  prevented,  and  if  tho  flowers  ore 
not  diiHhul  l>y  the  wind  against  any  object,  the  keel  never 
opunM,  Ml  that  tliii  stamens  iind  piKtll  remain  enclosed.  Plants 
thnu  proteoted  yield  very  few  pods  in  comparison  with  those 
produoul  by  iittiphbouring  nncoverod  bushes,  and  Bometimes 
none  nt  all.  I  fortiliBod  a  few  flowers  on  a  plant  growing 
almoHt  in  n  utato  of  nature  with  pollen  from  another  plant 
close  nlongsido,  and  tho  four  crossed  capsules  contained  on 
an  avemgo  tt'9  mxida  This  largo  number  no  doubt  was  dne 
to  tho  bush  buing  covered  up,  and  thus  not  exhausted  hy 
producing  many  pods ;  for  fifty  pods  gathered  from  an  adjoining 
plant,  tl)o  flowers  of  wbioh  had  l>eon  fertilised  by  the  bees, 
contaiuod  an  nvurogo  of  only  7 '14  seeds.  Ninoty'fhreo  pods 
sponhuieonsly  soIf-fortiliBod  on  a  Ifti^  bosh  which  had  been 
oovorod  up,  but  had  been  much  agitated  by  the  wind,  contained 
an  avorago  of  2' 93  seeds.    Ten  of  the  finest  of  theee  ninety- 


Thf»roli«orvnli.iiiBhovetK»<.n  ii.  1S6C,  p.  359.    H.  Mailer  haa 

S noted  111  nil  ftlihr(i»irtl<d  fumi  ly  bItim  iiubliiiln.-d  n  full  and  exoel- 

in   Ho».    0.   Hoc.bIow,    in    the  lout  aeoount  uf  tho  flower  In  hia 

tJounuO  of  Linn.  Soo.  Dot'  vol.  ' Befniohlang,"  4c  p,  240. 
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three  capsules  yielded  nn  aTerage  oM'30  Beeda,  tliat  ia  less  than 
lialf  the  average  number  in  the  four  artificially  croi^Siid  capsules. 
Tlie  ratio  of  7-14  to  2'y3,  or  aa  100  to  41,  is  probably  the 
fairest  for  the  number  of  seeds  per  pod,  yielded  by  naturally- 
croHaed  and  apontoaeously  aelf-fertiliscd  flowoi's.  The  crossed 
seeds  compared  with  an  equal  number  of  the  epontaneonsly  self- 
fartiliaed  seeds  were  heavier,  in  the  ratio  of  100  to  88.  We  thus 
see  that  besides  the  mechanical  adaptations  for  cross-fertiliaation, 
the  flowers  are  much  more  productive  with  jwllen  from  a 
distiact  plant  than  with  their  own  jwllon. 

Eight  pairs  of  the  above  crossed  and  aelf-fertilised  seeds,  after 
they  had  germinated  on  sand,  were  planted  (1867)  on  tho 
opposite  sides  of  two  large  pots.  When  several  of  the  seedlings 
were  an  inch  and  a  half  in  height,  there  was  noiaarkcd<Ufiereiice 
between  the  two  lots.  But  even  at  this  early  age  the  leaves  o( 
the  Bclf-fortilised  seedlings  were  smaller  and  of  not  so  bright  a 
green  as  those  of  the  crossed  seedlings.  Tho  pots  were  kejjt  in 
the  grGenhouBe,  and  as  the  plants  on  the  following  spring  (1868) 
looked  unhealthy  and  had  grown  bat  little,  they  were  plunged, 
still  in  their  pote,  into  the  open  ground.  The  plants  all  suffered 
ninch  from  the  sudden  change,  espoeially  tho  BOlf-fertilisod,  and 
two  of  the  latter  died.  Tho  remainder  were  measured,  and  I 
give  the  meaaurementa  in  the  following  table,  because  I  have 
not  seen  in  any  other  species  so  great  a  difference  between  the 
croeeed  and  self-fertilised  seedlings  at  so  early  an  age. 


acup<irius  (tery  yoanj  phiuls). 


M.^fp^ 

CnHsal  FUsta. 

8.if.f^l,«.P.««. 

I. 

3 

lnch» 
Jl 

IL 

a 

TrtJ  in  Uoho. 

17-5 

s-o 

P  The  six  crossed  plants  hero  average  2  91,  and  the  six  s 
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fertilised  I'3I3  iiiclics  in  heiglit;  so  that  tlia  former  were  more 
than  twice  as  high  as  the  latter,  or  as  100  to  4(). 

In  tho  spring  of  the  sucoeoding  year  (1869)  the  three  cioased 
plautfl  in  Pot  L  had  all  grown  to  nearly  a  foot  in  height,  and  they 
had  amotliercd  the  tlireu  little  self-fertiliaed  plants  eo  completely 
that  two  wore  dead;  and  the  third, only  an  inch  and  a  half 
in  height,  was  dying.  It  should  be  remembered  that  these 
plants  had  been  bedded  oat  in  their  pota,  so  that  they  were 
subjected  to  very  sovore  competition.    Tiiis  pot  was  now  thrown 

The  six  plants  in  Pot  II.  wore  all  alive.  One  of  tho  self- 
foctillEcd  was  an  inch  and  n  quarter  taller  than  any  one  of  ike 
croEsod  plants;  but  tho  other  two  self-fortilised  jilants  were  in  a 
lery  pi>or  comlition.  I  therefore  reaolred  to  luavo  thceo  plants  to 
struggle  togothur  for  some  years.  By  the  autuian  of  the  smne 
year  (1869)  the  self-fertilised  plant  which  had  been  yietorioiis 
was  now  beaten.  The  mcasuiomcnts  are  shown  in  the  foUowing 
table:— 

Tablb  LIX. 

Pot  n.—Snroiliiimiii(i  amjiariiii. 


c™^Pi^«. 

15 

8 

The  same  plantH  wcro  again  muusored  in  the  autumn  ot  th6 
following  year,  1870. 

Tablx  LX. 
Pot  IL—SiiTotkiimiiiis  KOjiciTiaa. 


CroHiBdFLum. 

He,r.r.rmi«dPUu.«. 

IS' 

56-75 

35-50 

^ 
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Tho  three  croseed  plaiits  now  averaged  18*  91,  and  the  three 
Belf-fertilwed  11  ■  83  inches  in  height ;  or  as  100  to  63.  The  three 
crossed  plaota  in  Pot  I.,  as  already  ehonit,  had  beaten  the  three 
Belf-fertilised  plants  so  completely,  that  any  comparison  between 
them  was  saperfluous. 

The  winter  of  1870-1871  was  aeyere.  In  tlie  spring  the  three 
crossed  plants  in  Pot  11.  had  not  even  the  tips  of  thoii  shoots  in 
the  leaat  injured,  whereas  all  three  selt-fertiliBed  plants  were 
killed  half-way  down  to  the  ground ;  and  this  shows  how  mncb 
tender  they  wore.  In  consequence  not  one  of  theee  latter 
plants  bore  a  single  flower  during  the  ensuing  summer  of  1871, 
'hilst  all  three  crossed  planta  flowered. 

Ononis  hintjtibbima. 

This  plant,  of  which  seeds  were  sent  me  from  North  Italy,  pro- 
dnces,  besides  the  ordinary  papilionaceous  flowers,  roinnto,  imper- 
fisct,  closed  or  eJeistogene  flowers,  which  can  never  be  cross-ferti- 
lieed,  but  are  highly  self-fertile.  Some  of  the  jwrfect  flowers  wore 
crossed  with  pollen  from  a  distinct  plant,  and  six  capsnlea  thns 
produced  yielded  on  an  average  3'66  seeds,  with  a  masimum 
of  five  in  one.  Twelve  perfect  flowers  were  marked  and  allowed 
to  fertilise  themselves  spontaneously  under  a  net,  and  they 
yielded  eight  capsules,  containing  on  au  average  2 '38  seeds,  with 
a  maximum  of  three  seeds  in  one.  So  that  the  crossed  and  self- 
fertjlised  capsules  from  the  perfect  flowers  yielded  seeds  in  the 
proportion  of  100  to  65.  Fifty-three  capsules  produced  by  the 
deistt^ene  flowers  contained  on  an  average  4'I  seeds,  so  that 
these  were  the  most  productive  of  all ;  and  the  seeds  them- 
■elvce  looked  finer  even  tlimi  those  &om  the  crossed  perfect 
flowers. 

The  seeds  from  the  crossed  perfect  flowers  and  from  tho  self- 
fertilised  cleistogene  flowers  were  allowed  to  germinate  on  sand ; 
bnt  nnfbrtunately  only  two  pairs  germinated  at  the  same  time. 
Them  were  planted  on  tlie  opposite  sides  of  the  same  pot,  which 
was  kept  in  the  greenhouGe.  In  the  snmincr  of  the  same  year, 
when  the  seedlings  were  about  ii  inches  in  height,  the  two  lots 
were  equal.  In  the  autumn  of  the  following  year  (18(>8)  the  two 
crossed  plants  were  of  exactly  the  Rama  height,  viz.,  11 J  inches, 

'  the  two  self  fcrtilisecl  plants  13g  and  7?  inches ;  bo  that  one 

the  Belf-fertilised  exceeded  considerably  in  height  all  the  otheia. 
itumn  of  1869  the  two  crossed  plants  had  acquired  thff 
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BTipreinttcy ;  tliejr  height  heing  16^  and  IfiJ,  whiltit  that  of  the 
two  self-fei'tiliBod  plants  waa  14|  and  llj  inches. 
By  the  aufamn  of  1870,  the  hdghta  were  m  foUows  :— 

Tablb  LXl. 

Onimia  minutissima. 


Ci«9Hi  Plsnta. 

8.,t....rt,l,^P,«.U. 

IdchW. 

IdcLiu. 

"1 

ay -63 

3i-ia 

So  that  the  mean  height  of  the  two  oiOBsed  plants  was  19 '81, 
and  that  of  the  two  atitf-fortllisod  17 '  37  inches ;  bi  os  100  to  88. 
It  should  lie  remetubcrod  that  the  two  lots  were  at  first  equal  in 
height ;  that  one  of  the  self-fertilised  plants  then  hod  the  adTBrn- 
tage,  the  two  crossed  plants  being  at  lost  Tictorious. 

Stmmary  on  tlie  Lsguminosm. — Six  genera  in  this 
family  were  experimented  on,  and  the  reaulta  are  in 
Bome  respects  remarkable.  The  crossed  plants  of  the 
two  species  of  Lupinus  were  conspicuously  superior  to 
the  self-fertilised  plants  in  height  and  fertility;  and 
when  grown  under  very  unfavourable  conditions,  in 
vigour.  The  scarlet-runner  {Phaseolus  mvitifiorua)  is 
partially  sterile  if  the  visits  of  bees  are  prevented,  and 
there  is  reason  to  believe  that  varieties  growing  near 
one  another  intercross.  The  five  crossed  plants,  how- 
ever, exceeded  in  height  the  five  self-fertilised  only 
by  a  little.  Phaseolus  vulgaris  is  perfectly  self-fertile ; 
nevertheless,  varieties  growing  in  the  same  garden 
sometimes  intercross  largely.  The  varieties  oiLaihyrus 
odoratus,  on  the  other  hand,  appear  never  to  intercross 
in  this  country  ;  and  though  the  flowers  are  not  often 
visited  by  efficient  insects,  I  cannot  acconnt  for  this 
fact,  more  especially  as  the  varieties  are  believed  to 
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intercross  in  North  Italy.     Plants  raised  from  a  cross 
between  two  varieties,  differing  only  in  tbo  colour  of 
their  flowers,  grew  much  taller  and  were  under  nn- 
_  favourable  conditions  more  vigorous  than  the  self-ferti- 
I  Used  plants ;  they  alao  trauBmitted,  when  self-fertilised, 
I  their  superiority  to  their  oiTspring.    The  many  varieties 
I  of  the  common  Pea  (Pisum  saiivum),  though  growing  in 
I  close  proximity,  very  seldom  intercross ;  and  this  seems 
I  due  to  the  rarity  in  this  country  of  the  visits  of  bees 
l^suf&ciently   powerful   to   effect   cross-fertilisation,     A 
ross  between  the  self-fertilised  individuals  of  the  same 
f  Tariety  does  no  good  whatever  to  the  offspring ;  whilst 
I  a  cross  between  distinct  varieties,  though  closely  allied, 
I  does  great  good,  of  which  we  have  excellent  evidence. 
f  The  flowers  of  the  Broom  (Sarothamnns)  are  almost 
sterile  if  they  are  not  disturbed  and  if  insects  are  ex- 
cluded.    The   pollen   from   a   distinct  plant  is  more 
effective  than  that  from  the  same  flower  in  producing 
I  seeds.   The  crossed  seedlings  have  an  enormous  advan- 
Ltage  over  the  self-fertilised  when  grown  together   in 
»close  competition.     Lastly,   only  four   plants   of  the 
~  tonis  minutissima  were   raised ;   but  as   these   were 
Jobserved  during  their  whole  growth,  the  advantage  of 
■the  crossed  over  the  self-fertilised  plants  may,  I  think, 
~  B  fully  trusted. 


XV.  ONAQRACE^.— Clarkia,  KLEaANS, 

Owing  to  the  season  being  very  unfavonratilo  (1867),  few  of 
the  flow  ere  which  I  fertilised  formed  capsnles;  twelve  crossed 
flowora  prodacod  ouly  fimi,  and  eighleen  self-fertilised  flowers 
yielded  only  one  capside.  The  seeds  after  gorminatiug  on  sand 
were  planlod  in  three  iwts,  but  all  the  aclf-fcrtilised  plants  died 
la  oua  of  them.  When  the  two  Iota  ivere  between  4  anii  5 
inches  in  height,  the  crossed  began  to  Khow  a  slight  superiority 
o»er  the  Belf-fertilised.  When  in  full  flowor  they  v 
with  the  following  result : — 
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Table  LSn.                                             J 
ChTkia  elegum.                                                     fl 

1 

No.orp.t 

CiMSea  PlanU. 

*..Lf-r^rlllL«<l  PknU. 

I. 

1' 

35 

IrK^beL 
33 
24 
23 

IL 

33  J 

301 

Total  Id  inoles. 

134-0 

110-5 

^^H           Tlge  average  boight  of  the  Tour  crosBcd  pluitR  is  33 '5,  and 
^V        Umt  of  the  four  B6ir-fertiliBod  plants  27 '62  incbos,  or  as  100  to 
^^          82.    The  crossed  plants  altogether  prodnced  105  and  the  self- 
fertilised  rlttnta  63  oapsuloa;  or  as  100  to  60.    In  both  pots  a 
self- fertilised  plant  flowered  boforo  anj  one  of  the  crossed  plants. 

^H                              XVI.  LOASACEffi.— BABT0NI4  auria. 

^^H           Some    flowers  wore  uroased  and  self- for  tilieod  in  the  usual 

^^H       manner  during  two  seasons ;  but  os  I  reared  on  the  flrst  occasion 

^H                                              Tablb  LXIU.                                                M 

1 

N^orP... 

CtoBod  PUnu. 

Sfll-ftltLLLHl  FluU 

India. 
87 

J 

L 

31 

U. 

IBJ 

20) 

in. 

191 

401 

IV. 

25 

35 
151 

^• 

31 
16 

IB 
"1 

VL 

SO 

32 1 

Tot.!  in  iDCbn. 

1S7-0 

210-5 

^ 

1 
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(Hily  two  pfura,lhe  rei^ults  are  giren  iogether.  Ob  both  occasionB 
the  crossed  capsales  contaiaed  alightlj  more  seeds  Uuui  the  self- 
fertilised.  During  tbe  first  year,  whan  the  planis  were  about 
7  inches  in  height,  the  eelf-fortiliscd  were  the  tallest,  and  in  tjie 
Eecond  year  th3  crossed  were  the  tallost.  When  tbe  two  lots  wore 
in  full  flower  they  were  meivsared,  as  in  the  preceding  table. 

The  average  height  of  the  eight  crossed  plants  is  24' 62,  and  that 
oftbeeTghtself-fertiliseda6-31inchea;orasl00tol07.  So  that 
tbe  Belf-fertilised  had  a  decided  advantage  over  the  crossed.  Sut 
the  plants  from  some  cause  ncTer  grew  well,  and  finally  became 
BO  nnhealthy  that  only  three  crossed  and  three  self- fertilised 
plants  sniviTBd  to  set  any  capsules,  and  these  were  few  in  number. 
Tbe  two  lots  seemed  to  be  abont  equally  unproductive. 

XVII.  PASSIFLOEACEjE.— Pabsifloea  gbaoilib. 
Ibis  annual  species  produces  spontaneously  numerous  fruits 
when  insects  are  eicluded,  and  behayes  in  this  respect  very 
differently  frum  most  of  the  other  species  in  tbe  genus,  which 
are  extremely  sterile  unlese  fertilised  with  pollen  from  a  distinct 
plant.*  Fourteen  fruits  from  crossed  flowers  contained  on  lui 
averBfio  21'11  seeds.  Foarteea  fraits  (two  poor  ones  being 
rejected),  spontaneously  self- fertilised  under  a  net,  contained  oa 
on  average  20-58  seeds  per  fruit;  or  as  100  to  85.  These  seeds 
were  sown  on  the  opposite  sides  of  three  puts,  but  only  two  pairs 
Game  up  at  the  saiDe  time ;  and  therefore  a  fair  judgment  cannot 
f  be  formed. 

Tablb  LXTV. 
Pussifiura  gracilia. 


Ho.  otPuL 

CrmseO  Plan  la. 

S(lf-ftrt(lls|.J  PLinU. 

I. 

56  ' 

"T 

II. 

43 

ei 

Totd  in  ioct™. 

es 

103 

I  The  mean  of  the  two  crossed  is  19  inches,  and  tliat  of  the  two 
If-fertiliecd  51  inches ;  or  as  100  to  104. 
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XVin.  DMBELLIFEItJE.— Apicm 
The  Dmbellifene  are  protetandroua,  and  can  hardly  foil  to  be 
oross-fertilised  b;  the  man;  flies  and  email  Hymenoptera  vhich 
™it  the  flowers,*  A  plant  of  the  common  parsley  was  coTered 
by  a  net,  and  it  apparently  produced  as  mnnj  and  aa  fine 
HpontonepDBly  self-feTtiiised  fruits  or  seeds  as  the  adjoining 
tincovered  plants.  The  flowers  on  the  latter  were  visited  by  bo 
many  insects  that  they  mnst  have  received  pollen  from  one 
anotiier.  Some  of  those  two  lots  of  seeds  wore  left  ou  sand,  but 
nearly  all  the  self-fertilised  seeds  germinated  before  the  others, 
so  that  I  was  forced  to  throw  all  away.  The  remaining  seeds 
wore  then  sown  on  the  opposite  aides  of  four  pots,  A  t  first  the 
self-fertilised  seedlings  wero  a  little  taller  in  most  of  tho  pots- 
than  tho  natorally  crossed  seedlings,  and  this  no  doubt  was  due 
to  the  self-rertilieed  seeds  having  germinated  first.  But  in 
tlie  autmnn  all  the  plants  were  so  equal  that  it  did  not  seem 
worth  while  to  measure  tbem.  In  two  of  the  ]K)tB  tliey  were 
absolutely  equal;  in  a  third,  if  there  was  any  difference,  it  was 
in  favoar  of  tho  crossoil  plants,  and  in  a  somewhat  plainer 
manner  in  the  fourth  pot.  But  neither  side  had  any  Hubstantial 
advantage  over  tho  other ;  so  that  in  height  they  may  be  said 
to  be  as  100  to  100. 

XIX.  DIPSACEiE.— SCABIOSA  ATBi>-P0RPtrKHA. 

The  flowers,  which  are  proterandroua,  were  fertilised  during 

Table  LXV. 

Scahioaa  alro-purpurea. 


No-otPot 

Cnmra  PlinU, 

S.lf.fgrtU«dPkDta. 

I. 

11 

20 

U. 

IS 

UJ 

Jll. 

31 
181 

14 

1» 

TuUl  in  inches. 

68' 6 

61-5 

•  H.  Mailer,  'BafruahtHiiK,'  &c.       pace,'  torn.  ii.  p.  58, 185D), varieHeg 
p.  96.      AoiwrdiiiK  to  M.  Muatel       of  the  onrriit   growing  n 
(M  etatod  byGodron,  'Do  I'Es-       otliBrroa''     *   ■ 
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the  unfeTonmble  seaaon  of  1867,  bo  tfiat  I  got  few  eecda, 
efiiwuially  from  the  Belf-fertiliaed  heade,  whic'i  were  estjtmolj 
sterile.  The  crosaed'and  self-fertilised  plants  raised  from  thcso 
seeds  were  measured  before  they  were  in  full  flower,  as  in  the 
preceding  tablft 

The  four  croBBed  plants  averaged  IT' 12,  and  the  four  eclf-fer- 
Ulised]5'37  inches  in  height;  orasiroto'JO.  One  of  the  self- 
fertilised  plants  in  Pot  III.  was  killed  by  an  accident,  and  its 
fellow  pulled  op ;  so  that  when  thoy  were  again  measured  to  the 
summits  of  their  flowers,  there  were  only  tlu'ee  on  each  side ; 
the  crossed  now  averaged  in  height  3283,  and  the  self-fertilised 
or  as  100  iK)  92. 


XX.  COMPOSITE— Lactdoa  bativa. 
Three  plants  of  Lettuce*  (Qreat  London  Cos  var.)  grew  close 
ither  in  my  gardtn ;  one  was  covered  bj  a  net,  and  produced 
ilf-fertilised  seeds,  the  other  two  were  allowed  to  be  naturally 
by  insects ;  but  the  season  (18C7)  was  unlavDurable,  and 
I  did  not  obtain  many  seeds.    Only  one  crossed  and  one  self- 
fcrtihsed  plant  were  raised  in  Pot  I,,  and  their  measurements  are 
given  in  the  following  table  (LXVI.),     The  flowers  on  this  one 
Belf-fertdjsed  plant  were  again  self-fertilised  under  a  net,  not 
with  pollen  from  the  same  floret,  but  from  other  florets  on  the 
uune  head.    The  flowers  oa  tlie  two  crossed  plants  were  left  to 
be  crosaud  by  insects,  but  the  process  was  aided  by  some  pollen 
ig  occadooally  tMEsportcd  by  me  from  plant  to  plant.    These 
lots  of  seeds,  after  genninating  on  sand,  were  planted  in 
the  opposite  sides  of  Pots  II.  and  III.,  which  were  at 
'flist  kept  in  the  greenhouse  and  then  turned  out  of  doors.    The 
plants  were  measured  when  in  fuU  flower.    The  following  table, 
therefore,  includes  plants  belocging  to  two  generations.    When 
the  seedlings  of  the  two  lots  were  only  5  or  6  iaches  in  height 
thej  wore  equal.    In  Pot  m.  one  of  the  self-fertilised  plants 
Ixiforo  flowering,  as  has  occurred  in  so  many  other  cases. 


It  ie  very  improbable  tliat  nil  the 
vftrietiee  which  were  thiu  culti- 
vated neu  together  Uoweied  at 
diB'ereiit  times;  bnt  two  which  I 
Belecl<:'d  by  hazard  iind  sowerl 
near  oaoh  othor  did  not  flower  at 
the  same  timo :  nod  my  trial 
failed. 


The  Compoaitffl  are  well- 
ilapted  for  croiis-rertiliBatioii,  but 
a  nuneryuuu)  oa  whom  I  ran 
rely,  tolil  me  that  he  had  bi«n .  in 
the  lu'bit  or  Bowing  eeveral  kinds 
"  lotluoe   near  logctiier  lot  the 


J 


BPRCULAlItA   KPKOULUM. 


Table  LXVI. 

Lactuca  aaiivu. 


NaotPot. 

CroMedPlint.. 

Sdt-tOrtilliitd  Pluiti. 

I. 

Fimt  genaration, 

planted  in  open 

ground. 

IdcXh. 
27 
25 

Iiu:ha. 
211 
20 

11. 

Second  generntinn, 

planted  In  open 

ground. 

29] 
171 

12] 

2* 

10 

ni. 

Secuni!  generation, 
kept  in  the  pot. 

14 

l> 

Totiil  in  inchaa. 

138 

9S 

Tho  average  height  of  the  Reven  crossed  plants  is  19'43,  and 
that  of  tho  six  self-fortilised  plants  16  inches ;  or  as  100  to  82. 

XXI.  CAMPANULACEiE,— Speoularia  bpbooldm. 
In  the  cliwely  allied  genus,  Campanula,  in  which  Specularia 
woB  formerty  iucluileil,  the  anthers  shed  at  an  early  period  Iheii 
polien,  and  thia  adheres  to  the  colleuling  hairs  which  siirKinnd 
the  pistil  beneath  the  stigma;  ho  that  without  socue  mecboniual 
aid  the  flowers  cannot  be  fertilised.  For  instance,  I  covered  up 
a  plant  of  Campanula  carjiathiai,  and  it  did  not  produee  a  single 
oapsalo,  whilst  the  surrounding  uncovered  plants  seeded  pro- 
fusely. On  the  other  hand,  the  present  species  of  t^pecnloria 
appears  to  set  almost  as  many  capsules  when  covered  up,  as 
when  left  to  tlie  visits  of  the  Diptera,  which,  as  far  as  I  h&ve 
Been,  are  the  only  insect*  that  frequent  the  flowers.*  I  did  not 
ascertain  whether  the  naturally  crossed  and  spontaneously  self- 
fertihsed  capsules  contained  an  equal  number  of  s««de,  but  a 
comparison   of  artificially  crossed   and    self-fertilised   flowers, 

•  It  haa  long  been  known  that  clciatogune  ai  well  as  perfect 
another  Bpeciea  of  the  geuoB,  flonera,  ami  the  former  Bto  ol 
fipMuioria    pfr/oliolo,    proincea      imii™i  BelE-fertilo. 


Oh*i..  V. 


SrEOULAniA    SPKCULOM. 


175 


showed  that  Iho  former  were  prohabTj  tho  most  producilive.  It 
appears  that  Otis  plant  is  capable  of  producing  a  large  number 
of  Belf-fertilisod  capsuleG  owing  to  the  petals  closing  at  night,  aa 
well  as  during  cold  weather.  In  tlic  act  of  closing,  the  margins 
of  Uie  petals  become  refteied,  and  their  inwardly  projecting 
midribs  then  pass  between  the  defle  of  the  i^tigma,  and  in  doing 
so  push  the  pollen,  from  tho  outside  of  the  pistil  on  to  tho 
sterna  tic  surfaces.* 

Twenty  flowers  were  fertilised  by  mo  with  their  own  pollen, 
but  owing  ta  the  bad  season,  only  six  capsules  were  productd  ■ 
tbey  containod  on  an  average  21  ■?  aeeds,  with  a  masimuin  of 
forty-eight  in  one.  Fourteen  flowers  were  crossed  with  polltD 
fcoin  another  plant,  and  these  produced  twelve  capsules,  contain- 
ing on  an  average  '60  seeds,  with  a  raaximuu  in  one  of  Gfly- 
Bcven  reeds;  Bo  that  the  crossed  seeds  were  to  the  self-fertilised 
from  an  equal  niunber  of  capsules  as  100  to  72.  The  former 
wera  also  heayier  than  an  equal  number  of  self-ferlilised  seeds, 
in  the  ratiooflOO  to86.  Thus,  whether  we  Judge  by  thonumlier 
of  capsules  produced  from  an  oqnal  nuralter  of  flowers,  or  by  the 
average  number  of  the  contained  seeds,  or  the  majdmum  number 
ID  any  one  capsule,  or  by  theii  weight,  croBsing  does  great  good 
~(t  oompagsou  with  eelf-fertilieation.    The  two  lots  ol  a 
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Speadnria  ijieculum. 
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T 

tal  in  inphea. 

77-13 

75-75 

*  Mr,  Muulian  ban  lately  shown 
(■  Troo.  Acad-  Nat.  Sc  fhilaJel- 
iiliia,'  aii>y  I<i,  1876,  p.  81}  tliiit 
tlie  ii)uiiiiig  uf  the  flonera  ot  Clay- 


loati  virgiaica  anil  BamiTKalutbai- 
btHiuduriug  tiio  uigbti^uiieetll^ 
fiuif-fettiliwitloa. 
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sown  on  the  opposite  iidm  of  four  pots ;  but  tbo  BeeiUinga  wero 
not  sufficieotty  thinoed.  Ouly  the  talleet  plant  oa  each  side  was 
mtABurcd,  wlieo  fully  grown,  'i'lie  meaRuruinents  a.te  given  iu 
the  preceding  tattle.  In  all  four  pots  the  croased  plante  flowered 
fliHt  When  the  scedliuge  wore  onl;  about  an  inch  aed  a  half  in 
height  both  lots  were  equal. 

The  four  tslloet  crossed  plants  ayeraged  19'28,  and  the  four 
tallest  self-fertilised  18'93  inches  in  hi^ight;  or  as  100  to  9S. 
So  that  there  was  no  djlference  worth  speaking  of  between  the 
two  lots  in  height;  though  other  great  advantages  are  derived^ 
as  we  have  seen,  from  erosB-fertillEalioc.  From  beiog  grown  in 
pots  and  kept  in  the  gretnhouee,  none  of  the  plants  produced 
any  capsuleB. 

LOBKUA  KAUOBA.* 
Var.  Bnoa-JtaJcB. 

The  well-adapted  moans  by  which  croea-fertilisation  is  en- 
sured in  this  genua  hare  been  described  bj  soveral  authors,  t 
The  pistil  as  it  slowly  increases  in  length  pushes  the  pollen 
out  of  the  conjoined  anthers,  by  the  aid  of  a  ring  of  bristles ;  the 
two  lobea  of  the  stigma  l:>eiug  at  this  time  closed  and  incapable 
of  fertilisation.  The  eitruaion  of  the  pollen  is  also  aided  by 
insects,  which  rub  against  the  little  bristles  that  project  from 
the  anthers.  The  pollen  thus  pushed  out  is  carried  by  insects 
to  the  older  flowers,  in  which  the  stigma  of  the  now  freely 
projecting  pistil  is  open  and  ready  to  be  fertilised.  I  proved 
the  importance  of  the  gaily-coloured  corolla,  by  cutting  off  the 
large  lower  petal  of  several  flowers  of  Lobelia  irinns ;  and  these 
flowers  wore  neglected  by  the  hivo-bees  which  wero  incessantly 
visiting  the  other  flowers. 

A  capsule  was  obtained  by  crossing  a  flower  of  L.  mmoea 


"  I  liave  adopted  tlia  niuno 
giyen  to  this  plant  iu  the  'Gar- 
dene™'  Chronicio,'  1866,  Prof. 
T.  Dyer,  however,  iD^imiB  me 
that  it  pKibably  ia  a  white  Tailety 
of  L,  (enuior  of  B.  Brawn,  from 
W,  AuBtralift, 

t  See  the  works  of  HiMebiand 
BDi]  Delpinu.  Mr.  Fanec  also 
has  given  a  remarkably  clear 
deKription  of  the  roBohaQism  by 


(4tb 

.p.  2(1(1.  Id  the  a] 
genuB  Isntumo,  the  cnrioua  apiko 
which  projeule  reetangolarly  mim 
the  an  there,  and  which  when 
shaken  caneee  the  pollen  to  fall 
on  the  bank  of  an  entering  isBeot, 
Becing  tn  have  bu-en  daveloped 
trom  a  btlatle,  like  ojie  uf  Ihoea 
wliich  spring  bom  the  imthen  In 
eotne  of  or  ul  the  Bpeoiea  if  Lo- 
beli]i,  Rd  deBcribeil  by  Mr.  Ifarrer. 
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with,  pollen  from  another  plant,  and  two  other  capsnlee  from 
artifleially  Belf-fertiliBed  flowers.  The  contained  eeeda  were 
sown  on  the  opposite  sides  of  four  pots.  Some  of  the  rjossed 
seedlinga  whieh  eame  up  before  tlie  others  hud  tu  ho  pulled  up 
and  thrown  away.  Whilst  the  plants  were  very  Hmall  there  was 
not  much  difference  in  height  hetween  the  two  lots;  but  in  Pot 
m.  the  self-fertiiised  were  for  a  time  the  tallest.  When  in  tnll 
flower  the  talleet  plant  on  each  side  of  euch  put  van  meusiired, 
and  the  result  is  shown  in  the  following  table.  In  all  four 
pots  a  crossed  plant  flowered  before  an;  one  of  its  o] 

I  The  four  tallest  crossed  plants  averaged  22  ■  25,  and  the  four 
llest  self-fertiliecd  18-37  inches  in  height ;  or  as  100  to  82.  I 
was  surprisod  to  Rnd  that  tho  anthers  of  a  good  many  of  these 
Belf-fertllised  plants  did  not  cohere  and  did  not  contain  any 
polfen ;  and  the  anthers  even  of  a  very  few  of  the  crossed  plants 
wore  ia  the  same  condition.  Some  flowers  on  the  crossed  plonte 
were  again  crossed,  four  capsules  being  thus  obtained ;  and  some 
fiowers  on  the  self-fertilised  plants  were  again  self-fertiUsed, 
seven  capsules  being  thus  obtaiued.  The  seeds  from  tnth  lots 
were  weighed,  and  it  was  calculated  that  an  equal  number  of 
capealeB  would  have  yielded  seed  in  the  proportion  by  weight  of 
100  for  the  crossed  to  60  for  the  self-fertiUsed  capsoles.    So  that 

t  flowers  on  the  croBsed  plants  agnin  crossed  were  mnoh 
I  fertile  than  those  on  the  self-fertilised  plants  again  self- 
: ^ 
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FlaiiU  of  the  Second  Qeneratio". — The  above  two  iota  of  aeeds 
were  placed  oa  damp  sand,  and  many  of  the  croHsed  eoeda 
germinated,  as  on  tho  last  occsBion,  before  tho  self-fertilised,  ftnd 
were  rejected.  Tlireo  or  four  pairs  in  the  eame  state  of  germina- 
tion were  planted  on  tbe  opposite  sides  of  two  x>ot8;  a  single 
pair  in  a  third  pot;  andall  tho  romaiuiug  seeds  were  sovm  crowded 
in  a  fourth  pot.  When  the  seedlings  wore  about  one  and  a  half 
inches  in  height,  tlioy  were  oijaal  oa  both  sides  of  tbe  three  first 
puts ;  but  in  Pot  IV.,  in  whieh  they  grew  crowded  and  were 
thus  exposed  to  sovere  competition,  the  crossed  were  about  a 
third  taller  than  the  self-fertitised.  In  this  latter  pot,  when 
the  crossed  ayerogod  5  inches  in  height,  the  self-fertilised  wore 
about  4  inches;  nor  did  the;  look  nearly  such  fine  plants. 
In  all  four  pots  the  crossed  plants  flowered  some  days  Iwfore 
the  self-fertilised.  When  in  full  flower  tlie  tallest  plant  on  each 
sido  was  measured;  but  before  this  time  the  single  crossed 
plant  in  Pot  lU.,  which  was  taller  than  its  antagonist,  had  died 
and  was  not  measured.  So  that  only  the  tallest  plant  on  eacli 
side  of  throe  pote  was  measured,  as  in  the  following  table  :- 


Tablk  LXIX. 

Lobelia  ramoaa  (Second  Qeneration). 


i(D.«rp»i, 

T»UartC™B«lPl™i 

Tallent  Srlf-ffTtllbBl 
Flnnl  in  Giich  PoL 

.. 

InclBi. 
27) 

"Til 

n. 

21 

19J 

IV. 

CroHdad. 

31 J 

IS 

ToUl  iu  iochea. 

70 

57 

The  average  height  of  the  three  talleet  crossed  pluufs  is  here 
23  ■  33,  and  that  of  the  three  tallest  seif-fertiliaed  19  inches ;  or  us 
100  to  81.  Besides  this  difference  in  height,  tbe  crossed  plants 
were  muoh  more  vigorous  and  more  branched  than  the  self- 
fertilised  plants,  and  it  ig  usfortimato  that  they  were  not 
■ffeigh64. 
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Tliis  Bpeciea  offers  a  somewhat  perplexing  case.  In  tlie  first 
generation  the  self-fertilisod  plante,  thongli  few  in  nnmber, 
grejttl^  exceeded  the  croesed  in  height ;  whilst  In  the  second 
(■eneration,  when  the  trial  was  made  on  a  much  laiger  scale,  the 
crossed  heat  the  self-fertilised  plants.  As  this  species  is 
gonerally  propagated  hj  off-sets,  some  seedlings  were  first 
raised,  in  order  to  have  distinct  plants.  On  one  of  these  plants 
several  flowerB  were  fertUised  with  their  own  pollen ;  and  ae  the 
pollen  is  mature  and  shed  long  before  the  stigma  of  the  same 
flower  is  ready  for  fertilisation,  it  was  necessarj  to  number  each 
flowerand  keep  its  pollen  in  pajwr  with  a  corresponding  nnmber. 
By  this  means  well-inatiired  pollen  was  used  for  self-fertUisation, 
Several  flowers  on  the  same  plant  were  ciosaed  with  pollen  from 
a  distinct  individual,  and  to  obtain  this  the  conjoined  anthers  of 
young  flowers  were  roughly  siineezed,  and  aa  it  is  naturally 
protmded  very  slowly  by  the  growth  of  the  pistil,  it  is  probable 
that  the  pollen  used  by  mo  was  hardly  mature,  certainly  less 
mature  thsji  that  employed  for  self-fertilisation.  I  did  not  at 
the  time  think  of  this  boutcc  of  error,  but  I  now  suspect  that 
tlje  growth  of  the  crossed  plants  was  thus  injured.  Anyhow  the 
trial  was  not  perfectly  fair.  Opposed  to  the  belief  that  the 
pollen  nsed  in  crossing  was  not  in  so  good  a  Btal«  aa  that  used 
for  Belt-fertilisatioUjis  the  fact  that  a  greater  proportional  number 
of  the  crossed  than  of  the  self-fortilised  flowers  produced  eap- 
enles ;  hut  there  was  no  marked  difference  in  the  amount  of  seed 
contained  in  the  capsules  of  the  two  lots.* 

Aa  the  seeds  obtained  by  the  above  two  methods  would  not 
germinate  when  left  on  bare  sand,  they  were  sown  on  the 
opposite  sides  of  four  pots ;  but  I  succeeded  in  raising  only  a 
single  pair  of  seedlings  of  the  same  ago  in  each  pot.  The  sclf- 
fertiliscd  seedlings,  when  only  a  few  inches  in  height,  wero  in 
most  of  the  pots  laller  than  their  opponents  ;  and  tlioy  flowered 
BO  mnch  earlier  in  all  the  pots,  that  the  height  of  tlio  flower- 
Btems  could  be  fairly  compared  only  in  Pots  I.  and  II. 

(W*  G&rhicT  has  shown  that  cor-  but  nono  of  tho  plants  on  whinh 

■■Id  pluiita  lit  LoMia /ulgtw  are  I  Bipcrimentci^,  nhioli  nure  ke^t 

^letteril"  with  polleu  fpoin  the  in    Ilia   green  hoi  ibp,       -   -   '     •■-■- 

mme  plunt,  thuugh  Ibia  pollun  ia  (loculiitr  Dunilitii>i]. 
elflclent  on  uu;  utUor  iiidiviitaal ; 
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Lohdia/uhjms  (First  OmcralUm). 


Ho.o(Pol. 

Haighl  Df  Flowf  r- 

HBlgbl  of  HowCT- 

BUm<on(heS«LM«- 

lillUHl  Flanls, 

L 

Indiei. 

61) 

n. 

381 

38) 

nL 

21 
Nut  in  full  flower. 

43 

IV. 

Not  ia  full  flower. 

36  i 

k 


The  mean  heiglit  of  tlio  flowet-fitems  of  the  two  crossed  plants 
in  Pots  I.  and  II,  is  liere  34-75  iiichos,  nnd  that  of  the  two  self- 
fertilised  plants  in  the  some  pots  44-25  inches;  or  as  100  to  127. 
The  sol f-ferti Used  plants  in  Pots  III.  and  IV.  were  in  eTery 
respect  very  much  finer  than  tbe  crossed  plants. 

I  was  BO  much  surprised  at  tliis  great  superiority  of  the  self- 
fertilised  over  the  crossed  plants,  that  I  determined  to  try  how 
they  would  behave  in  one  of  the  jwts  during  n  second  growth. 
The  two  plants,  lierefore,  in  Pot  L  were  cnt  down,  and  repotted 
-vrithout  being  disturbed  in  a  much  larger  pot  In  tlie  following 
jear  the  self-fertiUsed  plant  showed  oven  n  greater  superiority 
than  before;  for  the  two  tallest  flower-stems  produced  by  the 
one  crossed  plant  were  only  29;  and  30J  inches  in  height^ 
whereas  the  two  tallest  stems  on  the  one  self-fertilised  plant 
were  49*  and  49j^  inches;  and  this  gives  a  ratio  of  100  to  167. 
Considering  all  the  evidence,  there  can  be  no  doubt  that  these 
self-fertilised  plants  had  a  great  superiority  over  the  crossed 
plants. 

Vfossed  aiid  t^f-fei-iilised  Plants  of  Ihe  Second  Ocneralion. — I 
doterminod  on  this  occasion  to  avoid  the  error  of  using  pollen  of 
not  quite  equal  maturity  for  crossing  and  self-fertilisation ;  so 
that  I  squeezed  pollen  out  of  the  conjoined  anthers  of  young 

wera  for  both  operations.    Several  flowers  on  the  crossed  plant 

Pot  I.  in  Table  LXX.  were  again  crossed  with  pollen  from  a 
distinct  plant.    Several  other  flowers  on  the  self-fertiUscd  plant 


lobelia  pul0en9, 

Table  LXSI. 
Lobelia  fulgena  (Second  Oensralion). 


SelftortUlsedPULiita. 
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Height  otFlDWrr- 
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'■ 

27  J 
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24  i 
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25 

^4 

26 

IL 

Si 

36  j 

2Hg 

IH 
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m. 

40 1 
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IV. 

34 
32 
29 

3 

37 

aai 

V. 

28  i 

29 

24S 

m 

23j 
24 

VI. 

33j 

441 

35 

TIL 

30J 

37  i 

Si 

31 

VUI. 

231 

37 1 

23  J 

25* 

25  i 

IX. 
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19J 

25! 
2l| 

181 

TBWlnlnehw. 

1014-00 

931 -83 
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in  the  same  pot  were  again  Belf-ferti!iBed  with  pollen  from  the 
anthera  of  other  flowers  on  the  lameplcmt.  Therefore  the  degree 
of  Btilf-fertitisation  was  not  quite  bo  close  as  in  the  last  genera- 
tion, in  which  pollen  from  the  mime  fiiiwer,  kept  in  paper,  waa 
used.  These  two  lotB  of  Reeda  wore  thinly  Gown  on  opposite 
sides  of  nine  pots;  and  tlio  young  eeodlingB  were  thinned,  vn 
equal  number  of  nearl;  aa  posfiihle  the  same  age  being  left  on 
the  two  Hides.  In  the  spring  of  the  following  year  (1870),  when 
the  seedlinga  had  grown  to  a  considerable  siise,  they  were 
measured  to  the  tips  of  their  leaves ;  and  the  twontj-three 
crossed  plants  averaged  14  ■  Oi  inches  in  height,  whilst  the  twenty- 
throe  Belf-fertiliBed  seedlings  were  13'54  inches;  or  aa  100  to  96. 

In  the  summer  of  the  same  year  aovoral  of  these  planta 
flowered,  the  crossed  and  aelf- fertilised  plants  flowering  almost 
simultaneously,  and  all  the  flower-stems  were  measured.  Those 
prodiioed  by  eleven  of  the  erossed  planta  averaged  30"71  inches, 
and  those  hy  nine  of  tho  self- fertilised  plants  2D-43  inches  in 
height;  or  as  100  to  96. 

The  plants  in  these  nine  pots,  after  they  hud  flowered,  were 
repotted  without  being  disturbed  is  much  larger  pots;  and  in 
the  following  year,  1871,  all  flowered  freely ;  hut  they  had 
grown  into  such  an  entangled  mass,  that  the  separate  planta 
on  each  side  could  no  longer  be  disdnguishod.  Accordingly 
three  or  four  of  tho  tallest  flower-stems  on  each  side  of  each 
pot  were  measured ;  and  the  measurements  in  the  preceding 
table  are,  I  think,  more  trustworthy  than  tho  previous  ones, 
from  being  more  numerous,  and  from  the  plants  being  well 
eetabliehed  and  growing  vigorously. 

The  average  height  of  tho  thirty-foiir  tallest  flowor-st«mB  on 
the  twenty-three  crossed  plants  is  29"82  inches,  and  that  of  the 
same  nimibcr  of  flower-stems  on  the  same  number  of  self- 
fertilised  plants  is  27  10  inches;  or  as  100  to  01.  So  that  the 
crossed  plants  now  showed  a  decided  advantage  over  their  self- 
fertilised  opponents. 


XXIL  POLEMONTACEiEl— NEHornnj  inbionib. 

Twelve  flowers  were  crossed  with  pollen  from  a  distinct  plant, 
but  produced  only  six  eapsuleB,  containing  on  an  average  13-3 
BSeds.  Eighteen  flowers  were  rertilised  with  tlioir  own  pollen 
and   produced  ten  capHuIes,  cuntainiiig  on  an  average  12*7 
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needs ;  so  that  the  seeds  per  capaule  were  as  100  to  69.*  The 
croEsed  soeds  weighed  a  little  less  than  an  equal  iinmlier  of  self- 
fertiliBed  seeds,  in  the  proportion  of  100  to  105;  but  this  wna 
clearly  due  to  some  of  the  self-fertilised  capsules  containing  very 
few  seeds,  and  these  were  much  bulkier  than  the  others,  from 
hsTiog  beon  better  nourished.  A  subsequent  comparison  of  the 
number  of  seeds  in  a  few  eapenlos  did  not  show  bo  great  a 
saperiority  on  the  aide  of  the  crossed  capsules  as  in  the  present 

The  seeds  were  placed  on  sand,  and  after  germinating  were 
planted  in  pairs  on  the  opposlto  sides  of  five  pots,  which  were 
kept  in  the  greeuhonse.  When  the  seedlings  were  from  2  to 
3  inches  iu  height,  most  of  the  crossed  had  a  slight  odvantitgo 
over  the  self-fertilised.  The  plants  wore  trained  cp  sticks,  and 
thus  grew  to  a  considerable  height.  In  four  out  of  the  five 
pots  a  crossed  plant  flowered  before  any  one  of  the  self-fertilised. 

Table  LXXIL 
Nanophiln  insignts ;  0  means  that  the  plunt  died. 


N(i.ofP«. 

CiWBKl  Plurta. 

Seir-ferUllHdPluHt 

L 

83| 

21  i 

n. 

3*1 

2^ 

DL 

331 

19 

IT, 

K| 

s' 

V. 

35 
38 
36 
STl 
33J 

18| 
0 

Total  in  inch™. 

399 '38 

18B0O 

[•Several   ^>eoieB   of   Polamo-  saja  (' Dea  Varie'tp's,' 18fi5,  p. 

BiswB  are  known  to  be  proter-  that   Torietics  grnwizig  near  ™. 

anilroiiH,  but  I  JiJ  not  attend  lo  another  apnntaneoiisly  inteioloM. 
tloB  p-Jiit  in  Nemophila.    Verlot 
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^^           The  plants  were  first  measured  to  the  tips  of  their  leaves,  before 
Ihey  had  flowered  and  when  the  oroased  were  under  a  foot 
in  height.    The  twelve  crossed  plants  averaged  ll'l  incboe  in 

^^L          height,  ¥iz.,  5-45;  or  aa  100  to  49.    Before  the  plants  had  grown 
^H          to  their  fuU  height,  two  of  the  eelf-fortillBed  died,  and  as  I  feared 
^^H          that  this  might  happen  with  others,  the;  were  again  mcoBured 
^^H          to  the  tops  of  their  stems,  as  shown  in  the  preceding  table. 
^H             The  twelve  crossed  plants  now  averaged  3^ '  28,  and  the  ten  self- 
^H          fertilised  19-9  inches  in  hoisht,  or  as  100  to  60;  so  that  they 
^^H          differed  somewhat  less  than  before. 

^H             The  plants  in  Vaia  III.  and  V.  were  placed  under  a  net  in  the 
^^H          greenhouse,  two  of  the  crossed  plants  in  the  latter  pot  being 
^H          pulled  up  on  account  of  the  death  of  two  of  the  selE-ferUlised ; 
^^H          80  that  altogether  six  crossed  and  six  self-fertilised  plants  were 
^^H          left  to  fertilise  themselves  spontaneously.    The  pots  were  lather 
^^H          smaU,  and  tbe  plants  did  not  produce  many  capsules.    The 
^H          small  size  of  the  self-fortihsed  plants  will  largely  account  for 
^H          thefewneSBofthecapsuleawhich  theyproduccd.  The  six  crossed 
^H          plants  bore  lOd,  and  the  six  self-fertiUsed  only  30  capsules ;  or  as 
^H          100  to  29. 
^^B              The  solf-fertilised  seeds  thus  obtained  from  the  crossed  and 

^H                                               Tablb  LXXIII.                                               J 

^^^B                                                         Nemo/ihila  insignU.                                                       ^t 

No.  of  Pat 

fluin  CWMod  PlralB. 

frnffi'sgir-reriUlBeil 
PUnta. 

i 

I. 

iDCbH. 

27 
14 

Incha. 
271 
34| 

n. 

171 

23 
32 

in. 

IB 

7 

IV. 

n 

1^' 
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on  the  opposite  Bides  of  four  smaU  pots,  and  treated  as  before. 
But  tuany  of  the  plants  wore  uDhealttj,  and  their  heights  were  ao 
unequttl^ — some  on  Iwth  eidea  being  five  times  as  tall  as  the  others 
— tJiat  the  ftverages  deduced  from  the  measurements  in  the  pre- 
ceding table  are  not  in  the  least  trustworthy.  Nevertheless  I 
have  felt  bound  to  give  them,  as  they  are  opposed  to  my  genoral 
conclusions. 

The  Be»en  self-fertilised  plants  from  the  ctossed  plants  here 
average  15-73,  and  the  seven  self-fertilised  froin  the  solf-fectilised 
21  iDcbesin  height;  or  as  100  to  1S3.  Strictly  analogous  experi- 
ments with  Viula  tricolor  and  Litl/ii/rue  odoraiua  gave  ft  very 
different  result 


XXm.  BOEAQINACE^.— BoRAQo 

This  plant  is  frequented  by  a  greater  nmnlier  of  bees  than 
almost  any  other  one  which  I  have  observed.  It  is  strongly 
proterandrous  iH.  Miiller,  '  Befruchtung,' &c.,  p.  2G7),  and  the 
Sowers  can  hardly  fall  to  be  cross-fertilised ;  but  should  thid 
not  occur,  thoy  are  capable  of  self-feililisiition  to  a  limited 
extent,  aa  Bome  pollen  long  remains  within  the  anthers,  and  is 
apt  to  fall  on  the  mature  stigma.  In  the  year  1863  I  covered 
up  a  plant,  and  examined  thirty-Bve  flowers,  of  which  only 
twelve  yielded  any  seeds ;  whereas  of  thirty-five  flowers  on  an 
exposed  plant  growing  close  by,  nil  with  the  exception  of  two 
yielded  seeds.  The  covered-up  plant,  however,  produced  alto- 
gether twonty-flve  sjwntaneously  self-fei-tihsed  seeds;  the  exposed 
plant  producing  fifty-five  seeds,  the  product,  no  doubt,  of  cross- 
fortilieation. 

In  the  year  1868  eighteen  flowers  on  a  protected  plant  were 
crossed  witli  pollen  from  a  distinct  plant,  but  only  seven  of  these 
produced  fruit ;  and  I  suspect  that  I  applied  pollen  to  many  of 
tlie  Btigmsf  before  they  were  mature.  These  fruits  contained 
on  an  average  2  seeds,  with  a  maximum  in  one  of  three  seeds. 
Twenty-four  spontaneously  self-fertilised  fruits  were  produced 
by  the  same  plant,  and  these  contained  on  an  average  1  ■  2  seeds, 
with  a  maximum  of  two  in  one  fruit.  So  that  the  fniita  from 
the  artificially  crossed  flotrers  yielded  seeds  compared  with  those 
from  the  spontaneously  gelf-fertilised  flowers,  in  the  ratio  of  100 
to  60.  But  the  self-fertilised  seeds,  as  often  occurs  when  few 
Me  produced,  were  heavier  than  the  crossed  seeds  in  the  ratio  of 
100  to  90. 
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Theeo  two  lots  of  BOedB  wore  eown  on  opposite  Bides  of  two 
lai^  pots;  but  I  Bucceedud  in  raising  only  four  pairs  of  equal 
age.  When  the  seodliags  OQ  both  sides  were  about  8  inches 
in  height  thcj  were  eqnal.  When  in  fnll  flower  tbe;  vere 
me&anred,  as  follows ; — 

Table  LXXIV. 
Borago  ogicinaUa. 


So.otP^L 

CroMedPUmM. 

BeK-ftrtllHoi  FIsDia. 

L 

Inebss. 
19 
21 
]S| 

U. 

261 

aai 

Totsl  in  iacboi. 

82-75 

M'75 

The  aTerage  height  of  the  four  crossed  plants  is  hero  20 '  68,  aud 
that  of  the  four  self- fertilised  21-18  inchee;  or  as  100  to  102. 
The  self-fertilised  plants  thus  eioeeded  the  crossed  in  height  by 
a  little ;  but  this  was  entirely  dwo  to  the  tallness  of  one  of  the 
Belf-fortilised.  The  crossed  plants  in  both  pots  6owerGd  before 
the  self-fertjlised.  Therefore  I  believe  if  more  plants  had  been 
raised,  the  result  would  have  been  different,  I  regrat  that  1  did 
not  attend  to  the  fettilitj  of  the  two  lots. 


XXIV.  NOLANACKffi.— N0L4SA 
In  some  of  the  flowers  the  stamens  are  considerably  shorter 
than  the  pistil,  in  others  equal  to  it  in  length.  I  suspected, 
therefore,  but  orronoonsiy  as  it  proved,  that  this  plant  was 
dimorphic,  like  Primula,  Linum,  &a.,  and  in  the  year  1862  twelve 
plants,  covered  by  a  net  in  the  greenhouse,  were  subjected  to 
trial,  The  spontaneously  self-fertiliEed  flowers  yielded  64  grains 
weight  of  seeds,  but  the  product  of  fourteen  artificially  crossed 
flowers  is  here  included,  which  falsely  increases  the  weight  of 
the  self-fertilised  seeds.  Nino  uncovered  plants,  the  flowers  of 
which  were  eagerly  visited  by  bees  for  their  pollen  and  were  no 
doubt  intercrossed  by  them,  produced  79  grains  weight  of  seeds; 
therefore  twelve  plants  thus  treated  would  have  yielded  lOB 
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groins.  Thus  the  Beeda  prodneed  by  tLe  flowers  on  an  eqnal 
aumbur  of  planto,  when  crossed  by  beee,  and  sponlaneonsly  eelf- 
fertilised  (the  product  of  fourteen  artificiftlly  croseed  flowers 
being,  howBTcr,  included  in  the  latter)  were  in  weight  aa 
100  to  61, 

In  the  Bnminor  of  1867  the  trial  was  repeated ;  thirty  flowers 
were  crossed  with  pollen  ftom  a  distinet  plant  and  produced 
twenty-seven  capsules,  each  containing  five  Beods.  Thirty-two 
Bowers  were  fertilised  with  their  own  pollen,  and  produeed  only 
sii  capsnlee,  each  with  five  seeds.  So  that  the  crossed  and  self- 
fertilised  capsoleB  contained  the  same  number  of  seeds,  though 
many  more  capsules  were  produced  by  the  cross-fertilised  than 
by  the  self-fertilised  flowers,  in  the  ratio  of  100  to  21. 

An  oqual  number  of  seeds  of  both  lots  were  weighed,  and  the 
crossed  seeds  were  to  the  self-fertilised  in  weight  as  100  to  82, 
Therefore  a  cross  increaBea  the  number  of  capsules  produced  and 
the  weight  of  the  seeds,  but  not  the  number  of  seeds  in  each 
capsule. 

These  two  lots  of  seeds,  after  germinating  on  sand,  were 
planted  on  the  opposite  sides  of  three  pots.  The  seedlings 
when  from  6  to  7  inches  in  height  were  equal.  The  plants 
were  mcasurod  when  fully  grown,  but  their  heights  wore  so 
uue(iiial  in  the  several  pots,  that  tho  result  cannot  be  fully 
trusted. 

Tablb  LXXV. 


>.,<««. 

Cmaei  Plants.      |  Self-fertilised  Planu. 

I. 

If 

u. 

la'          1           la* 

HL 

20]             1                22S 

TotiJ  in  JDchoi. 

63-75                         67-00 

I The  five 

^^■Mlised  IS 


The  five  crossed  plants  average  12  75,  and  the  five  aelf- 
'  IS'i  inches  in  height;  or  as  100  to  105. 


PETUNIA   VIOLAOEA. 


OHAPTEE  VI. 

SOLAH&OK^   PaiMULiCKat,   PoLYOONTLffl,  KTC. 

PetunU  violuuoo,  uroased  and  Htilf-fortilised  plants  oiimpared  for  four 
gononitiona — EffiKta  of  a  cio«b  with  a  fresh  eUiuk  —  Unifoim  oolrmt 
cjf  t)io  floniTB  on  thfi  aelf-ferliliEvd  plants  of  the  fonrtli  gonntation 
— NiL'otiiuia  tabiicum,  orated  uad  self-rertilieed  plants  of  equal 
height — Ort«t  effuota  of  a  omes  with  a  diatinct  iub-va,riBty  on  ths 
lieight,  but  not  on  the  fertility,  of  the  olfapring— Oyclainaii  par- 
didum,  orosaod  eeedlinga  greatly  superior  U>  tha  aelf-furtiiiaud — 
Anngaiiia  oallina — Primala  veria — Equnl-styled  variuty  otPrimuLi 
varis,  fertility  of,  greatly  increased  by  ii  omas  with  a  freah  stock — 
Fagypyruin  eaoulontam — Utiii  vnlgaris — Canna  miracowiczi,  iTogaed 
and  aelf-fi'Ttiliaed  plants  of  equal  height — Zea  mays — Phalarin 


XXV.  aOLANACRffi.— ParcNiA  holaoea. 
Dingy  purple  variety. 
Taa  floweis  of  this  plant  aro  bo  eeldom  viajted  during  tho  day 
by  insects  iu  this  couutry,  that  I  have  never  seen  an  instance ; 
but  my  gardonor,  on  whom  I  can  rely,  onue  anw  Bomo  hiimble- 
boes  at  work.  Mr.  Mixihaa  eaya,*  that  in  the  United  States 
bees  bore  through  the  curolla  fur  the  nectar,  and  odds  that  their 
"  fertillBation  is  carried  on  by  night-moths." 

In  Franco  M.  Nnudin,  after  castrating  a  largo  numl  ler  of  flowers 
whIlHt  in  bud,  left  thera  eaposed  to  tho  visitB  of  ineects,  and 
about  a  quarter  produced  capsules  it  but  I  am  convinced  that 
a  much  larger  proportion  of  flowers  in  my  garden  are  cross- 
fertilised  by  insectB,  for  protected  flowers  with  their  own  pollen 
placed  on  the  stigma  never  yielded  nearly  a  full  complement  of 
seed ;  whilst  those  left  uncovered  produced  fine  capsules,  showing 
that  pollen  from  other  plants  must  have  been  brought  to  them, 
probably  by  moths.  Plants  growing  vigorously  and  flowering  in 
pots  in  the  greoii-bouse,  never  yielded  a  siugle  capsule;  and 
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this  may  be  attributed,  at  loaet  in  chief  part,  to  the  eKclusion 
of  moths. 

Sis  flowers  on  a  plant  covered  hy  a  not  were  crossed  with 
pollen  from  a  dietiDOt  plant  and  produced  sis  capsules,  containing 
by  weight  4*44  graine  of  seed.  Six  other  flowers  were  fertilised 
with  their  own  pollen  and  produced  only  three  capsules,  con- 
taining only  1-49  grains  weight  of  seed.  From  this  it  follows 
that  an  equal  number  of  crossed  and  self- fertilised  capsules  would 
have  contained  seeds  by  weight  as  lOU  to  67.  I  should  not  have 
thought  the  proportioDal  contents  of  bo  few  capsules  worth 
giving,  Lad  not  nearly  the  same  result  been  conflniicd  byscysrHl 
BUbsequent  trials. 

Seeds  of  the  two  lots  were  placed  on  sand,  and  many  of  the 

Eelf-fertilised  seeds  genninated  before  the  crowed,  and  were 

rejected.    Several  pairs  in  an  equal  state  of  germination  wore 

planted  on  the  opposife  aides  of  Pots  I.  and  II. ;  but  only  the 

tallest  plant  on  each  side  was  measured.    Seeds  wcro  also  sawn 

thickly  on  the  two  sides  of  a  largo  pot  (III.),  the  seedhnga  being 

afterwards  thinned,  so  that  an  cqnal  number  was  left  <ni  each 

side;  tlio  three  tallest  on  each  side  being  raeasnred.    The  pots 

were  kept  in  the  greenhouse,  and  the  piants  were  trainod  up 

slicks.    For  some  time  the  young  crossed  plants  had  no  ad- 

,  vantage  in   height  over  the  aelf-fertilised ;    but  thoir  leavea 

I.  were  larger.    When  fully  grown  and  in  flower  the  plants  were 

I'  UeaBored,  as  follows : — 

Table  LXXVI. 
Petunia  violucea  (^First  GeneratioTi). 


N.oTfti. 

CrwKdPknIs. 

B..-fcrtm«,PU«..* 

L 

IncbH. 
30 

iDQb... 
20] 

n. 

84t 

271 

m. 

34 

811 
15' 

ToUl  iD  iDchu. 

154 

130 

k  The  five  tallest  crossed  plants  here  average  30 '8,  and  the  Bye 
|toUest  self-fertilised  26  inches  in  height,  or  as  100  to  84. 
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Three  o«psul(!B  were  obtaiiieii  by  crossing  floweni  on  the 
abovo  cioBKL-d  plante,  and  three  other  capsules  by  again  aolf- 
fHrtilising  flowors  on  the  self-fertilised  plants.  One  of  the  latter 
capsuloij  appeared  as  Gne  as  an;  one  of  the  crossed  capanles ; 
but  the  other  two  contained  many  impci'feot  seeds.  From  these 
two  lota  of  seeds  the  plants  of  the  following  generation  were 

CioiKtd  and  self -fertilised  Plants  of  the  Seconi!  Oaienilioii. — As  in 
the  last  generation,  many  of  the  self-fertilised  seeds  germinated 
before  the  crossed. 

Soeda  in  an  equal  state  of  geroaination  were  planted  on  the 
opposite  sides  of  three  pots.  Tliu  crossed  seedling  soon  greatly 
eiocodod  in  height  the  Belf-fertilised.  In  Pot  I.,  when  the  tallest 
crossed  plant  was  101  inches  high,  the  tallest  self-fertilised  was 
only  31  inches;  in  Pot  II.  tlie  esnassinheight  of  the  crossed  was 
not  quite  so  great.  The  plants  were  treated  as  in  the  last  gone- 
ration,  and  when  fully  grown  measured  as  before.  In  Pot  III. 
both  the  croEsed  plants  were  killed  at  an  early  age  by  some 
animal,  so  that  the  self-fertilised  had  no  competitors.  Neverthe- 
less these  two  self-fertilised  plants  were  measured,  and  are  In- 
cluded in  the  following  table.  The  crossed  plants  flowered  long 
before  their  self-fei'tilised  opponents  in  Pots  I.  and  II.,  and  before 
thoee  growing  separately  in  Pot  III. 

Table  LXXVII 
Petunia  violacea  (Second  Oeneration^ 


No.  oTPot. 

Cnmed  PLinU. 

6cltftHtUie4Plm«^ 

I. 

iDcbe^ 

1' 

u. 

SI' 

32' 

IIL 

0 
0 

461 
2si 

Tot«l  in  inchM.   1            163-0                      1S7-S          1 

The  four  crossod  plants  avcrngo  40"5,  and  the  six  self-fer- 
tilised 26'25  inches  in  height;  or  as  100  to  65.  But  this  great 
inequality  is  in  part  accidental,  owing  to  some  of  the  self- 
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0  of  the  crowed  !> 


fbrtilised  plants  being  vorj  short,  and  to  oi 
very  tall. 

Twelve  flowcre  on  these  crossed  plants  were  ngain  crossed,  and 
eleven  capenles  were  produced;  of  these,  five  were  poor  and  six 
good;  the  latter  contained  by  weight  8 '75  grains  of  seeds. 
Twelve  flowers  on  the  self-fertilised  plants  were  again  fertilised 
with  their  own  pollen  and  produced  no  lesstlian  twelve capsnlcs, 
and  the  six  finest  of  these  contained  by  weight  2-57  grains  of 
seeds.  It  should  however  be  observed  that  these  latter  capsnles 
were  produced  by  the  plants  in  Pot  IH.,  which  were  not  exposed 
to  any  competition.  The  seeds  in  the  six  fine  crossed  capsules 
to  those  in  the  six  finest  self-fertilised  capsules  were  in  weight 
M 100  to  68.  From  these  seeds  the  plants  of  the  nest  generation 
were  raised. 

Crosaed  and  s,lf-/ertiliied  PUinh  of  Ihe  TJdrd  Generaiion.— The 
above  seeds  were  placed  on  sand,  and  after  germinating  were 
planted  in  pairs  on  the  opposite  sides  of  four  pots ;  and  all  the 
remaining  seeds  were  thicUy  sown  on  the  two  sides  of  a  fifth  large 
pot.  The  result  was  surprising,  for  the  self- fertilised  seedlings 
very  early  in  life  beat  the  crossed,  and  at  one  time  were  nearly 
double  their  height.  At  Aral  the  case  appeared  like  that  of 
Mimolns,  in  which  after  the  third  generation  a  tall  and  highly 
self-fertile  variety  appeared.  But  as  in  the  two  succeeding 
generations  the  crossed  plants  resumed  their  former  superiority 
over  the  solf-feitilised,  the  case  laust  be  looked  at  as  an  anomaly. 

^^^  "Xbe  Bole  conjeotuie  which  I  can  form  ia  that  the  crossed  seeds 

^^H  Table  LXXYIII. 

^^^^H       Petunia  violacea  {Third  Oenaution ;  jilnnU  very  young). 

\l 

^^^P  Total 


NarfPeL 

&o«odPt<mtiL 

Selt-tertUlBefl  PLinU. 

■■ 

1' 

51 

IL 

SI 

l\ 

in. 

* 

5i 

IV. 

1] 

H 

Total  ID  inchu. 

19-63 

36-50 

[92 
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had  not  been  BufJicicntly  ripuiied,  aud  tljuH  pruuucod  wuaklj 
plftiits,  as  occurred  with  Iberis.  Whou  the  croeaod  plants  were 
betwoen  S  njid  4  iDchee  in  height,  the  six  finest  in  four  of  the 
potfi  were  meaanred  to  the  sumniitfl  of  their  stems,  and  at  the 
tame  time  the  six  fiuest  of  the  SDlf'-fertilised  plants.  The 
measure  men  te  are  given  in  the  preceding  tah!o(LXXVIII.),  and 
it  may  be  here  ceea  that  all  the  Bel f^ferti  Used  plants  exceed  their 
opponents  in  heiglit,  whorens  when  Hnhseqnentlj  meaBored  the 
excess  of  the  self-fertilised  depeudi^d  chiefly  on  th<!  unusual  tall- 
noBS  of  two  of  the  plants  in  Pot  II.  The  crossed  plants  here 
avcrsj^e  8 '27,  and  the  self-fertilised  6 '08  inches  in  height;  or 
as  100  to  186. 
When  fully  grown  they  were  again  measured,  as  follows : — 

Table  LSXIX, 
Petunia  violar.en,  (Third  (Imnntion;  planU/uVy  </rovm). 


No.  or  Pal. 

Crossed  PUdU. 

Bo«....«,i«dPl^.. 

1. 

InclH. 
36 

48 

II. 

36 
21 
361 

47 

III. 

52 

46 

IV. 

67 

43| 

Total  in  inches. 

337-75 

431-00 

The  eight  crossed  plants  now  averaged  40 '96,  and  the  eight 
self-fertilised  plants  53-87  inches  in  height,  or  as  100  to  131 ;  and 
tliia  eiceBs  chiefly  depended,  as  already  stated,  on  the  unnsnal 
tnllnoBB  of  two  of  the  self-fertiiisud  plants  in  Pot  II.  The  self- 
fertilised  had  therefore  lostsomeof  their  former  great  superiority 
over  the  crossed  plants.  In  three  of  the  pots  the  self-fertilised 
plants  flowered  first;  but  in  Pot  III.  at  the  same  time  with 
[ho  crossed. 

The  case  is  rendered  the  more  strange,  becauHe  the  crosaed 
plants  in  the  fifth  pot  (not  included  in  the  two  last  tables),  in 
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which  all  the  rGmaining  seeds  had  been  thickly  sown,  were  from 
the  first  finer  plants  thau  the  self-fertiliBcd,  and  had  largoi 
leaTee.  At  the  period  when  the  two  t-alleet  crossed  plants  in 
this  pot  were  6j  and  4|  inches  high,  the  two  tallest  Eelf-fertiliaed 
were  only  4  inches.  When  the  two  crossed  plants  were  12  and 
10  inches  high,  the  two  self-fertilised  were  only  8  inches.  These 
latlfir  plants,  as  well  as  many  others  on  the  same  side  of  this  pot 
never  grew  any  higher,  whereas  several  of  the  crasaod  plants 
grew  to  the  height  of  two  feet !  On  account  of  this  great 
superiority  of  the  crossed  plauts.  the  plants  on  neither  side  of 
this  pot  have  been  included  in  the  two  lost  tables. 

Thirty  flowers  on  the  crossed  plants  in  Pots  I.  and  IV.  (Table 
LXXTX.)  were  again  crossed,  and  pmdnced  seTenteen  capsuios. 
Thirty  flowers  on  the  self-fertilised  plants  in  the  same  two  pots 
were  again  self-feililised,  but  produced  only  sesen  capsules. 
The  contents  of  each  capsule  of  both  lota  were  placed  in  separate 
watch-glasses,  and  the  seeds  from  the  crossed  appeared  to  the 
eye  to  be  at  least  double  the  number  of  those  from  the  self- 
fertilisod  capsules. 

In  order  to  ascertain  whether  the  fertility  of  the  self-fertilised 
plants  had  been  lessened  by  the  plants  having  been  self-ferti- 
Used  for  the  three  previoaa  generations,  thirty  flowers  on  the 
oroBsed  plants  were  fertilised  with  their  own  pollen.  These 
yielded  only  five  capsnles,  and  their  seeds  being  placed  in 
separate  watch-glasses  did  not  seem  more  numerous  than  those 
from  the  capsuios  on  the  self-fertilised  plants  self-fertilised  for 
the  fourth  time.  So  that  as  &r  as  can  be  judged  from  so  few 
capsules,  the  self-fertility  of  the  folf-fertilised  plants  had  not 
decreased  in  comparison  with  that  of  the  plants  which  had 
been  intercrossed  during  the  three  previous  generations.  It 
should,  however,  bo  remembered  that  loth  lota  of  plants 
had  been  subjected  in  each  generation  to  almost  exactly  similar 
conditions. 

Stcds  from  the  crossed  plants  again  crossed,  and  from  the  self- 
fertalised  again  self-fertilised,  produced  by  the  plants  in  Pot  I, 
(Table  LXXIX.),  in  which  the  three  self-fcrtiliKod  plnnta  were 
on  an  average  only  a  little  taller  thtm  the  crossed,  were  used  in 
the  following  eiperiment.  "  1'hey  were  kept  separate  from  two 
similar  lota  of  seeds  produced  by  the  two  plants  in  Pot  IV.  in 
table,  in  which  the  crossed  plant  was  much  Uller  than 
■fertilised  opponent. 

and    nelf-fcrtiliied   Plants   of  the    Fourth     Gentfaliim 


^^m    ilsself-fert 
^^^B       Onased    i 


^H         194                              PHTUNIA  VIOLACEA.                     Ciiar.  Vl 

^H         (m»^.i  /.v^n  Ih-:  rianU  in  P"t  T.,  Tabk  iXX/.Y.).— CroBsed  and 
^^H        self-furtiljsed  eeoOa  from  pliintB  of  the  lost  gooeration  in  Fot  I., 
^H        in  Xablo  LXXIX.,  were  placcil  on  sand,  and  after  gorminatiiig, 
^^1        were  planted  in  paim  on  tlie  oppoRilo  sidcH  of  four  pots.    Tho 
^^H        seedliiigB  when  in  full  flower  wore  meosurod  to  the  liase  of  the 
^^H        calyx.      The  remainuig  Bccds  were  sown  crowded  on  the  two 
^H        sidus  of  Put  v.;  and  the  four  tallest  plants  on  each  aide  of  thii; 
^^H        pot  were  moosnrod  in  tho  some  manner. 

^M                                              Tablb  LXXX. 

^H           petunia  violaaa  (Fourth  Ucntralion ;  mUed/rom  PUinlt  ^  tha 

^B                           Third  OeneniHoji  in  Vol  I.,  Tab/e  LXXtX.). 

No,  ufPot. 

CrusMil  FlanU. 

■• 

3 

Inchiia. 
30 
H 
81 

IL 

3Sj 
37 1 

661 

311 

i 

III. 

48 

Si 

!3| 

IV. 

SI 

U 

0 

V. 
Crowded  plnnta. 

53 

HI 

30 

Tola!  in  inch™.   (            701-88        |            *53-50 

^1             The 

^^^        (one  h 

as  100 

though 
^                little  te 

t5fleen  crossed  plants  aTerage  46-79,  and  t!ie  ft 
ving  died)  self-fertiliRed  plants  32  ■  39  inehea  in  hei 
to  69.    So  that  the  crossed  plants  in  this  general 
■ed  their  wonted  superiority  over  the  self-fertilieed 
the  parents  of  the  latter  in  Pot  I.,  Table  LXXIX.. 
Her  than  their  croased  opponents. 
tii  limi    eel/-/artilite.i    t'/anU    of  ihf.    Fourth    Oen 

urteen 
'hi;  or 
on  had 
plantB! 
wema 
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"  {mined  from  the  Plant,,  in  Pol  IV.,  in  Tulle  i.VA'i.Y.),— Two 
Bimilar  lote  of  seeds,  obtained  from  the  plants  in  Pot  IV.  in 
Table  LXXIX.,  in  which  the  single  orosacd  plant  wns  a.t 
first  ehortei,  but  nltimfttely  ninch  taller  than  its  sclf-fortiliBed 
opponent,  were  treated  in  every  way  like  theic  brethren  of  the 
Bame  generation  in  the  last  ezperimenL  Wo  have  in  the  folloW' 
ing  Table  LXXXX  the  moBsurements  of  the  prescBt  plants 
Although  the  croaaed  plants  greatly  exceeded  in  height  the  self- 
fertilised  ;  yet  in  throo  out  of  the  flve  pols  a  Bolf-fcrtiliBed  plant 
flowered  before  any  one  of  the  crossed ;  in  a  fourth  pot  einiul- 
tanoously ;  and  in  a  fifth  (viz.,  Pot  II.)  a  croescd  plant  flowered 

L  first. 

Tabmb  LXXSL 

I    PetiMia  violacea  (foariA  Generaiitm;  raised  from  Plunls  oftht 

Third  Generation  m  Poi  IV.,  TabU  LXXIX.). 


No.  or  Pot.         1      Cnmo)  Ilanta, 

India. 

L 

4S 

U. 

37 

25 
313 
22! 

III. 

22) 
28| 

IV. 

3D 
291 

28  J 
2S 

V. 
Crawded  pkntg. 

il 

Total  in  indiM. 

581-63 

»»"• 

The  thirteen  crossed  plants  here  average  44-74,  and  the 
thirteen  aelf-fertilised  plants  26-67  inches  in  height;  or  as  100 
to  60.  The  crossed  parents  of  these  pknte  were  much  taller, 
relatively  to  the  self-fertilised  parents,  than  in  the  last  cose ;  and 
apparently  they  transmitted  some  of  this  Bnperiority  to  theu 
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ciossed.  ofiWpiiiig,  It  is  unfortuua,tB  t}iat  I  diil  not  torn  tLeao 
plants  out  of  dnora,  bo  aa  to  ohwji've  thoir  relative  fertilitj,  for  I 
Qoniparcd  the  pollen  from  eome  of  tlie  [m>BEed  and  Gelf-fertilised 
plants  in  Pot  I.,  Table  LXXXI.,  and  there  wsa  a  marked  dif- 
ference in  its  etnte;  that  of  the  crossed  plants  contained  hardly 
any  bad  and  empty  groins,  whilst  such  ahoimdod  iu  the  pollen 
of  the  Belf-ferttlised  plants. 

The  liffects  (/  "  CVoss  with  a  /r:sh  Htcck.  —  l  pi'onnred  from  a 
garden  in  Westerhara,  whence  my  plants  originally  came,  a 
fresh  piont  differing  in  no  respect  from  mine  except  in  the 
colour  of  the  flowers,  which  wnfi  a  fine  purple.  But  this  plant 
must  hoTo  boon  exposed  dnring  at  least  four  generations  to  very 
different  conditions  from  those  to  which  my  plants  had  been 
Bubjected,  as  those  had  been  grown  in  pots  in  the  green- 
house. Eight  flowers  on  the  solf-furtilised  plants  in  Table 
LXXXI.,  of  the  last  or  fourth  Belf-fertiUsed  generation,  were 
fertilised  with  jiollen  from  this  fresh  stock ;  all  eight  produced 
capsules  containing  together  by  weight  501  groins  of  seeds. 
The  plants  raised  from  these  soeds  may  be  called  the  Weeia-ham- 

Eight  flowers  on  the  crossed  plants  of  the  last  or  fourth  genera- 
tion in  Table  LXXXI.  were  again  crosacd  with  pollen  from  one 
of  the  other  crossed  plants,  and  produced  five  capsules,  contain- 
ing by  weight  2*07  grains  of  seeds,  The  plants  raised  from 
these  seeds  may  bo  called  the  intenroae'l ;  and  these  form  the 
fifth  intercrossed  generation. 

Eight  flowers  on  the  self-fertilised  plants  of  the  same  genera- 
tion in  Table  LXXXI.  were  again  self-fortiliBod,  and  produced 
Beven  capsules,  containing  by  weight  2' I  grains  of  seeds.  The 
iplf-fcrtHiseil  plants  raised  from  these  seeds  form  the  fifth  self- 
fertihsed  generation.  Those  latter  plants  and  the  intercrossed 
are  comparable  in  all  respects  with  the  croaaed  and  self-fertilised 
plants  of  the  fonr  previous  generations. 

From  the  foregoing  data  it  is  easy  to  calculate  that, 

Gr.  We;.j)it 

Ten  West«rham-crossed  capsules  would  hnfe  contained  6'JU 
Ten  intercroBsod  capsules  would  have  contained  .  .  4-li 
Ten  self-fertilised  capsules  would  have  contained        .     S'OO 

We  thus  get  the  following  ratios :— 


I 

I 


i 
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Seeds  fmni  the  'Weateiham-crosserl  ciipi;ult!a  to 
those  from  the  capsules  of  the  fifth  solf-for- 
tilised  gGDeration,  in  weight,         .         .         .as  100  to  Jtj 

Seeds  from  tlie  Wester!  lam-^rosBed  eapanles  to 
those  from  the  capsules  of  the  fifth  intcrcroHsed 
gooeratioD,  ......     ob  100  to  66 

from  the  iDtorcrossed  to  those  from  the 
self-fertilised  capsules,  .  .         .     as  100  to  72 

that  a  cross  with  pollen  from  a  fresh  stock  greatly  iBcreased 
prodnetivenesa  of  the  flowers  on  plants  which  had  been  self- 
fertilised  for  the  four  previous  generations,  in  comparison  not 
ily  with  the  flowers  on  the  same  plants  self-fertiJisod  for  the  fifth 
time,  but  with  tho  flowers  on  the  crossed  plants  crossed  with 
pollen  item  another  plant  of  the  same  old  stock  for  the  fifth 

These  three  lots  of  seeds  were  placed  on  sand,  and  wore 
equal  state  of  germination  in  seven  pots,  each  made 
'bipartite  by  three  superficial  purtitjons.  Some  of  the  remaining 
seeds,  whether  or  not  in  a  state  of  germination,  were  thickl; 
sown  in  an  eighth  pot.  The  pots  were  kept  in  the  greenhouse, 
and  the  plants  trained  np  sticks.  They  were  first  measured  to 
the  tops  of  their  stems  when  coming  into  flower ;  and  the  twenty- 
two  Westerham-crOBsed  plants  then  averaged  25 '  51  inches ;  the 
twenty-three  intercrossed  plants  30'jt8;  and  the  twenty-three 
self-fertilised  plants  23'40  inches  in  height.  We  thus  got  the 
following  ratios: — 

The  Westerham-crosaed  plants  in  height  to  tho 
self-fertilised as  100  to    91 

The  Weslerham-orossed  plants  in  height  to  the 
intercrossed  .         .         .         .         .as  100  to  119 

'The  intercrossed  plants  in  height  to  the  self- 
fertilised    as  100  to   77 

These  pianta  were  again  measured  when  their  growth  appeared 
casual  inspection  to  bo  coujplete.  But  is  this  I  was  mis- 
I,  for  after  cutting  them  down,  I  found  that  the  summits 
of  the  stems  of  the  Weaterh  am -crossed  plants  were  still  growing 
▼igoronsly ;  whilst  the  intercrossed  had  almost,  and  the  self- 
had  quite  compieted  their  growth.  Therefore  I  do 
donbt,  if  the  three  lots  had  been  left  to  grow  tar  another 
itb,  that  the  ratios  would  have  been  somewhat  different 


K donbt,  i 
tb,  tha 
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^H        from  those  dedaced  from  the  meoenremouli;  in  tlio  following           1 
^H        tablo                                                                                                         1 
^H                                              Taslb  LXXXJX                                                1 
^^l                                                   petunia  vidacea.                                                       \ 

Ko.«rpui. 

Stn!s^x^rf  '"■ri;^Xc*'k''  ^ilu'tSi?^'?"" 

1. 

InobH. 
511 

Indw. 

58  g 

Incl,™. 
31) 

U. 

481           1             S9]                        41 j 

54|            1             581                        411 
581           1             53                           18 j 

m. 

63 

Hi 

Sa                           46| 
54                           45* 

SI                        101 

n. 

SI 

68 
SS 
69 

37 
33 
33 

V. 

Si 

35! 

it! 

'•i 

VI. 

i' 

56 

I?! 

401 
43 

■;• 

VII. 

59| 

SI 

61 

VIIl. 
Crowded. 

i;i 

Ill   j    ;;i 

Total  in  inchs*. 

lost -25 

1190-50                   691-9,% 

^^B          The  twentj-one  Westerham-croesed  plants  now  aTcragod  50  ■ 
^^H       inches;  the  twenty-two  intercrossed  plants,  64'1I  itichcs;  a 

^H      thus  get  the  following  ratios :  - 

)5 
d 
7t 
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^^—  then 


Tbo  West«rham-crossed  plants  in  height  to  tlio 
BElf-fertiUsed as  100  to   66 

The  Wost«rham~cros8ed  plants  in  height  to  tbe 
intercroesed as  100  to  108 

The  intorciosfiod  plante  in  height  to  the  self- 
fertiltBed lu  100  to   61 

We  here  see  that  Iho  Weatorham-crosaed  (the  ofepring  of 
plants  self-fertiliHed  for  four  generations  and  then  croEscd  with  g. 
freah  atouk)  have  gained  greatly  in  height,  einue  tliey  wore  first 
measured,  relatively  to  the  plants  self-fertilised  for  five  genera- 
tions. They  wore  then  as  100  to  91,  and  now  as  100  to  66  in 
height  Tbe  intercrossed  plants  (Le.,  those  which  had  been  in- 
tercrossed for  the  last  five  generations)  likewisa  exceed  in 
height  the  self-fertilised  plants,  us  occurred  in  all  the  prsTioua 
generations  with  the  exception  of  the  abnormal  plants  of  the 
third  generation.  On  the  other  hand,  the  WeGterham-crossod 
plants  are  exceeded  in  height  by  the  intercrossed ;  and  this  is  a 
surprising  fact,  judging  from  most  of  the  other  strictly  analogous 
caaea  But  as  the  Westcrham-croseed  planta  were  still  growing 
^igorotislf ,  while  t)ie  int^rcroBeed  had  almost  coased  to  grow, 
there  can  hardly  be  a  doubt  that  if  left  to  grow  for  another 
month  they  would  have  beaten  the  intercrossed  in  height.  That 
thejtwere  gaining  on  them  is  clear,  as  when  measured  before  they 
were  as  100  to  119,  and  now  as  only  100  to  108  in  height  The 
'Westerham-crosscd  plants  had  also  leaves  of  a  darker  green,  and 
looked  altogether  more  vigorous  than  the  intercrossed  ;  and  what 
is  muoh  more  important,  they  produced,  as  we  shall  presently 
see,  mach  heavier  seed-capsulos.  So  that  in  fact  the  ofispring 
frotn  the  self-fertilised  plants  of  the  fourth  generation  crossed  by 
a  fresh  stock  were  superior  to  the  intcroroBsed,  as  well  as  to  the 
aelf-fertilised  plants  of  the  fifth  generation — of  which  latter  fact 
there  conld  not  l<e  the  least  donht. 

These  three  lots  of  plants  were  oat  down  close  to  the  ground 
weighed.  The  twenty-one  Westerham-croesed  plauts  weighed 

ounces ;  the  twenty-two  intercrossed  plants,  34  ounces,  and  the 
twenty-ona  self-fertilised  planta  71  ounces.  The  following  ratios 
are  calculated  for  an  oqnal  nnmher  of  plants  of  each  kind.  But 
as  the  self-fertilised  plants  were  just  beginning  to  wither,  their 
relative  we^ht  is  here  slightly  too  small ;  and  as  the  Westerham- 
oroBsed  wore  etill  growing  vigorously,  their  relative  weight  " 
with  time  4llow(4  would  no  doubt  hare  greatly  increased- 
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The  Westarbam-crossod  plants  in  weight  to 
the  Belf-fertilified aa  100  to    22 

The  Westetham-oroBsod  plants  in  weight  to 
the  totercroEMid  .         .  .as  100  to  101 

The  intercrossed  plants  in  weight  to  the  self- 
fertilised         as  100  to   22-J 


We  here  see,  judging  by  weight  instead  of  ah  before  by  height, 
thftt  the  Westerham-^roesed  and  the  intercrossed  have  an 
immense  advantage  ovei  the  self-fertilised.  The  Wesferham- 
oroased  are  inferior  to  the  intercrossed  by  a  moro  trifle ;  but  it  is 
almost  certain  tliat  if  they  had  been  allowed  to  go  on  grotving  for 
another  month,  the  former  would  have  completely  beaten  the 
latter. 

As  I  had  an  abundance  nf  seeds  of  the  same  three  lots,  &om 
which  the  forgoing  plants  had  been  raised,  these  were  sown  in 
three  long  parallel  and  adJoiningrowBln  theopengronnd,BOHS  to 
bsoertain  whether  under  these  circumstances  the  results  would  be 
nearly  the  same  as  before,  Lafo  in  the  autumn  (Nov,  13)  the  ten 
tallest  plants  were  carefully  selected  out  of  each  row,  and  their 
heights  measured,  with  the  following  result: — 


Table  LXXXUI. 


I'Hunia  VI 

w'qcco  (plants  grmuing  i> 

I/k  o;iai  groutid). 

PUnts  (haa  Suit- 

;rtantaotono«iiilUje 

Salf-fcrtiliurd  Plula 

=£;= 

QenenUuiu}. 

iBClBH. 

Ipcba. 

lochai. 

38 

361 

37  J 
23 

30 

35 

sal 

25 

33 

2+ 

37 

38 

22 

41  f 

2a 

« 

21 

37 

23 

38 

41] 

21 

38 

21 

366 -TS 

383-76 

233-13         1 

eelf-l 

I.  Thi 

.  Thi 

I  i" 
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Tha  ten  Weatorham-crossed  plants  here  average  36-67  innhee 
height;  the  ten  intercrosBed  plantH, 38  27  inches;  and  the  ton 
Belf-fertilieod,  23-31  inches.  These  three  Iota  of  plants  were  oIbo 
'ireighed;  the  Westerham-crossod  plants  weighed  28  ounces;  tha 
~  ircroaeed,  41  ounces;  and  the  self-fertilised,  14'75  onnees. 
thus  get  the  following  ratios  ;^ 


The  Westerham-crosBed  plants  in  height  to  the 

seif-fertilised M  100  to    63 

The  WeBterham-crossed  plants  in  weight  to  the 

self-fertilised as  100  to    53 

he  Weaterham-orossed  plants  in  height  to  the 

intercrossed as  100  to  104 

'The  Westerhaoi-crossed  planta  in  weight  to  the 

intercrossed as  100  to  146 

The  intercrossed  plants  in  height  to  the  self- 

fertilised as  100  to   61 

The  inteiccoBsed  plants  in  weight  to  the  self- 

fertilised as  100  to   36 

Here  the  relative  heights  of  the  throe  lots  are  nearly  the  same 

(witliin  three  or  four  per  cent.)  as  with  the  plants  in  the  pots. 

In  woiglit  there  is  a  much  greater  difference :  the  Wcsterham- 

eroasod  exceed  the  self-fertilised  hy  much  less  than  they  did 

before;    but  the  self-fettilised  plants  in  the  pots  had  become 

slightly  withered,  as  before  stated,  and  were  in  consequence 

unfairly  Ught.    The  Westerham-crossed  plants  are  here  inferior 

in  weight  to  the  intercrossod  plants  in  a  much  higher  degree 

pisux  in  the  pots;  and  this  appeared  due  to  their  being  much 

branched,  owing  to  their  having  germinated  in  greater 

ibers  and  consequently  being  much  crowded.    Their  leaves 

)  of  a  brighter  green  than  those  of  the  intercrossed  and 

^BBlf-fertiliBed  plants. 

Malivc  b'tTtaUy  of  Iht  TIitix  LoH  of  P/on(«.— None  of  the  plants 
in  pots  in  the  greenhouse  ever  produced  a  capsule ;  and  this  may 
ha  attributed  in  chief  part  to  the  osclusion  of  moths.  There- 
fore the  fertility  of  the  three  lots  eould  be  judged  of  only  by  that 
of  the  plants  growing  out  of  doors,  which  from  being  left 
nncovered  were  probably  cross-fertilised.  The  planta  in  the 
^^^^Ihrec  TOW8  were  exactly  of  the  same  age  and  had  been  subjeoted  ^ 

^^^^fa  doeely  similar  conditions,  so  that  any  difference  in  their  for-  ^| 
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one  lot  being  derived  from  pIontB  self-fortiliseil  for  four  genera- 
tions  and  then  orussod  with  a  fresh  Ftock ;  to  the  setvmd  lot  being 
derived  from  plants  of  the  same  old  stock  in1«rcroEsed  for  fire 
genorotions ;  and  to  the  third  lot  being  derived  from  plante  eelf- 
fertilised  for  five  generatious.  All  tlie  capsuleB,  some  nearly 
mfttnre  and  some  only  half-grown,  were  gathered,  counted,  and 
weighed  from  the  ten  finest  plants  in  eaeh  of  the  three  rows,  of 
which  the  measuremonts  and  weights  hare  already  boen  given. 
The  intercro3!>od  plants,  as  we  have  seen,  were  tAller  and  con- 
siderably heavier  than  the  plants  of  the  other  two  lots,  and  they 
prodnced  a  greater  number  of  capsules  than  did  even  the 
WeBterham-croased  plants ;  ond  this  may  l)e  attributed  to  the 
latter  having  grown  roore  crowded  and  being  in  consequence  less 
branched.  TlierofDre  the  average  weight  of  an  equal  number  of 
oapsnleB  from  each  lot  of  plants  eeems  to  be  the  fairest  standard 
of  coiupttriBon,  as  their  weights  will  liave  boen  determined  chiefly 
t^  the  numlier  of  the  included  seeds,  As  the  intercrossed  plants 
were  taller  and  heavier  than  the  plants  of  the  other  two  lots,  it 
miglit  have  been  expected  that  they  would  have  produced  the  finest 
or  heaviest  capsules ;  bat  this  was  very  for  i^m  being  the  case. 

The  ten  tallest  Weeterham'Croseed  plants  produced  111  ripe 
and  unripe  capsules,  weighing  121 '2  groins.  Therefore  100  of 
such  capsules  would  have  weighed  lOS'lS  grains. 

The  ten  tallest  intercrossed  plants  produced  12^  capsules, 
weighing  76'45  grains.  Tkerefore  100  of  theee  oapsnloa  would 
have  weighed  59-26  grains. 

The  ten  tallest  self-fertiUsed  plants  produced  only  41  capsules, 
weighing  ^'i)5  grains.  Therefore  100  of  these  capsules  would 
have  weired  50 -79  groins. 

From  these  data  we  get  the  following  ratios  for  the  fertility  of 
the  three  lots,  as  deduced  from  the  relative  weights  of  an  equal 
number  of  capsules  from  the  finest  plants  in  each  lot:— 

Weeterham-oTOBsed     plants    to    self-fertilised 

plants OS  100  to  46 

Wefitorham-crossed  plants  to  intercrossed  plants  as  100  to  64 

Intercrossed  plants  to  self-fertilised  plants        ,  as  100  to  8G 


We  here  see  how  potent  the  infiuence  of  a  cross  with  pollen 
from  a  fresh  stock  hae  been  on  the  fertiUty  of  plants  self-fertilised 
for  four  generations,  in  comparison  with  plants  of  the  old  stock 
vhen  either  mteroroesed  or  self-fertilised  for  five  generatione ;  tbe 
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flowers  on  all  these  plants  liaTing  been  left  to  be  fraelj  croseed 
hy  insects  or  to  fertilise  themselves.  The  Westerham-crosEed 
planta  were  also  much  taller  and  heavier  plants  than  the  self- 
fertilised,  both  in  the  pots  and  open  ground ;  but  thoy  were  less 
tall  and  heavy  than  the  intercrossed  plants.  This  latt«r  result, 
however,  would  almoat  certainly  have  been  reversed,  if  the 
plants  had  been  allowed  to  grow  for  another  month,  as  the 
Westerham-crossed  were  still  growing  vigorously,  whilst  the 
intercrossed  had  almost  ceased  to  grow.  This  case  reminds  us  of 
the  somewhat  analogous  one  of  Eschscholtzia,  in  which  plants 
raised  from  a  cross  with  a  fresh  stock  did  not  grow  higher  than 
the  self-fertilised  or  intercrossed  plants,  but  produced  a  greater 
number  of  Keed-capsules,  which  contained  a  far  larger  average 
number  of  seeds. 

Crfour  of  the  Floicers  on  the  above  Three  Lola  of  PtanU.—Tbe 
original  mother-plant,  from  whieh  the  five  succeaaive  self-fertilised 
gonerations  were  raised,  bore  dingy  purple  flowers.  At  no  time 
was  any  selection  practised,  and  the  plants  were  subjected  in 
each  generation  ic  extremely  uniform  conditions.  Tho  result 
was,  as  in  some  previons  cases,  that  the  flowers  on  all  the  self- 
fertilieed  plants,  both  in  the  pots  and  open  ground,  were 
absolutely  uniform  in  tint;  this  being  a  dull,  rather  peculiar 
flesh  colour.  This  uniformity  was  very  striking  in  the  long  row 
of  plants  growing  in  the  open  ground,  and  these  first  attracted 
my  attention.  I  did  not  notice  in  which  generation  the  origiual 
coloni  b<^an  to  change  and  to  become  uniform,  hut  I  have  every 
reason  to  believe  that  the  change  was  gradual.  The  flowers  on 
the  intercrossed  plants  were  mostly  of  the  same  tint,  but  not 
nearly  so  uniform  as  those  on  the  self-fertilised  plants,  and  many  of 
them  were  pa!o,  approaching  almost  to  white.  The  flowers  on  the 
plants  from  the  cross  with  the  purple-flowered  'WeBterbam  stock 
were,  as  might  have  been  expected,  much  more  purple  and  not 
nearly  so  uniform  in  tint  The  self-fertilised  plants  were  also 
remarkably  uniform  in  height,  as  judged  by  the  eye;  tho  inter- 
crossed less, 80,  whilst  the  Westerham-crossed  plants  varied  much 
in  height. 

NiOOTIiNA    TABAOUM. 

This  plant  offers  a  curious  case.  Out  of  sis  trials  with  orossed 
and  self-fertilised  plants,  belonging  to  three  Bttccessivo  gODCra- 
tions,  in  one  alone  did  the  crossed  show  any  marked  superiority 
in  height  over  the  self-fertilised ;  in  four  of  tho  trials  they  were 
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Bpproximfttely  equal ;  and  in  one  (i.e.,  in  the  first  genoralion) 
thu  Beif-fertiliseii  plaata  were  greatly  anporioi'  to  the  crossed. 
In  no  caBe  did  tUe  capsules  from  flowers  fertilised  with  pollen 
from  a  distinct  plant  Tield  many  more.andBometiiaoBtbey  yielded 
much  fewer  seeds  than  the  capsules  from  solf-fertiliscd  flowers. 
But  when  the  flowera  of  one  variety  wore  croBsed  with  poUon 
from  a  slightly  different  variety,  which  had  grown  under 
som^wliat  difierent  conditions,— tliat  is,  hy  a  fresh  stock, — the 
usdlings  derived  from  this  cross  exceeded  in  height  and  weight 
those  ihim  the  self-fertiliaed  flowers  in  an  exh'ftorilinary  degree. 

Twelve  flowers  on  some  plants  of  the  commou  tobacco,  raised 
from  purchoBcd  seeds,  were  crossed  with  pollen  from  a  distinct 
plant  of  the  same  lot,  and  these  produced  ten  capsules.  Twelve 
flowers  on  the  same  plants  were  fertilised  with  their  own  pollen, 
and  produced  eleven  capsules.  The  seeds  in  tho  ten  crossed 
capsules  weighed  31-7  grains,  whilst  those  in  ten  of  the  self- 
fertilised  capsules  weighed  47 '67  grains;  or  as  100  to  150.  The 
much  greater  productiveness  of  the  self-fertilised  than  of  the 
crossed  capsules  con  tiardly  be  attributed  to  chance,  as  all  the 
capsules  of  both  lote  were  very  flne  and  healthy  ones. 

Tho  seeds  were  placed  on  sand,  and  several  pairs  in  an  equal 
etate  of  germination  were  planted  on  the  opposite  sides  of  throe 
pote.  Tho  remaining  seeds  wore  thickly  sown  on  the  two  sides 
of  Pot  IV.,  so  that  tho  plants  in  this  pot  were  much  crowded. 
The  tallest  plant  on  oach  side  of  each  pot  was  mcosui'ed.  Wliilst 
the  plants  were  quite  young  the  four  tallest  crossed  plants 
Bverogod7'87inchee,  and  the  four  tallest  self-fertiUaed  14'87 
inches  in  height;  or  as  100  to  IVQ.  The  heights  at  this  age  are 
given  in  the  two  left  columns  of  the  following  table. 

When  in  full  flower  the  tallest  plants  on  each  side  were  again 
measured  (see  the  two  right-hand  columns),  with  the  following 
result.  But  I  should  state  that  the  pots  were  not  large  enough, 
oad  the  plants  never  grow  to  their  proper  height  The  lour 
t  crossed  plants  now  averaged  18'5,  and  the  four  talles*, 
self-fertilised  plants  32 '  75  inches  in  height ;  or  as  100  to  178 
In  all  four  pots  a  solf-fertihsed  plant  flowered  Ixiforo  any  one  ol 
the  crossed. 

In  Pot  IV.,  in  wliich  the  plants  were  oxttemely  crowded,  the 
two  lots  were  at  first  equal;  and  ultimately  the  tallest  crossed 
plant  exceeded  by  a  trifle  the  tallest  self-fottilised  plant.  This 
leoalled  to  my  mind  an  analogous  case  in  tho  one  generation  of 
Petunia,  in  which  the  t elf-fertilised  plants  were  throughoot 
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Tablb  LSSSIV. 
Nicotiana  iahacum  (fiVsd  Genenitio 

')■ 

SftrfPot 

H>T  m,  1868. 

D^mt. 

"SS" 

CmMod 

BelM^Jl,«d 

?S^ 

I. 

Indies. 

IncbH. 

^- 

iDcbn. 

I]. 

3 

15 

61       1         43 

III. 

8 

13  3 

IG         1         31 

IV. 

Crowded. 

= 

^ 

113 

" 

Total  in 

31 -.1 

59-5 

74'0 

131-0 

their  growth  taller  than  the  crossed  iii  all  the  pot^  except 
in  the  crowded  one.  Accordingly  auother  trial  was  rDade,"and 
some  of  the  Bonio  crossed  and  stilf-fertiliscd  seeds  of  tobacco 
.were  sown  thickly  on  opposite  sides  of  two  additional  pota ;  the 
its  being  left  to  grow  up  much  crowded.  When  they  were 
id  14  inches  in  height  there  was  no  difference 
itween  the  two  sides,  nor  was  there  any  tnarted  di&ronco 
When  the  plants  hod  grown  as  tall  as  they  could ;  for  in  one  pot 
the  tallest  crossed  jilant  was  26J  inches  in  height,  and  exceeded 
liy  2  inches  the  tallest  self-fertilised  plant,  whikt  in  the  other 
pot,  the  tallest  crossed  plant  was  shorter  by  3  j  inches  than  the 
tallest  stJf-fertilised  plant,  which  was  22  inches  in  height. 

As  the  plants  did  not  grow  to  thoir  proper  height  in  the  above 
8nialipot8mTahleLXSXIV.,fourcrossed  and  four  self-fertilised 
plniite  were  raised  from  the  same  seed,  and  were  planted  in  pairs 
on  the  opposite  sides  of  four  very  large  pots  containing  rich  soil ; 
BO  that  they  were  not  exposed  to  at  all  severe  muitrn!  competition. 
When  those  plants  were  in  flower  I  neglected  to  measure  them, 
but  record  in  my  notes  that  all  four  self-fertilised  pknts  ex- 
ceeded in  height  the  four  crossed  plants  by  2  or  3  inches.  We 
have  seen  that  the  flowers  on  the  original  or  i>arent-plants  which 
crossed  with  pollen  from  a  distinct  plantyielded  much  it 
than  those  fertilised  with  thoir  own  pollen;  and  the  trial 
giren,  as  well  as  that  in  Table  LX^SXIV.,  show  as  dearly 


^^^Aaeds  than  thi 
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that  the  plante  rftiBed  from  the  croaeed  aeeda  were  inferior  in 
height  to  those  from  the  self- fertilised  Boeda;  but  only  when  not 
greatly  crowded.  When  crowded  and  thus  Buhjeuted  to  very  severe 
competition,  the  crossed  and  Belf-fortilisad  plante  were  nearly 
equal  in  height. 

Crossed  and  S'lf-fertitUfd  f'lants  nf  tlie  Sv-aind  Qe-aeratitm. — 
Twelve  flowers  on  the  crossed  plants  of  the  lant  genersition 
growing  in  the  four  large  pots  just  mentinned,  wore  crossed  with 
pollen  from  a  crossed  plant  growing  in  one  of  the  other  pota ; 
and  twelve  Sowers  on  the  self-fttrtilised  plants  were  fertilised 
with  their  own  pollen.  All  those  flowers  of  both  lots  pro- 
dneod  fine  capsules.  Ten  of  the  crossed  capsules  contained  by 
weight  88'92  grains  of  seeds,  and  ten  of  the  self-fertilised 
capsules  37 '  74  grains ;  or  as  100  to  97.  Some  of  these  seeds  in 
an  equal  state  of  germination  were  planted  in  pairs  on  the 
opposite  sides  of  dve  large  pots.  A  good  many  of  the  crossed 
seeds  germinated  before  the  self-fertilised,  and  wore  of  courae 
lejoctod.  The  plants  thus  raised  wore  measured  when  several 
of  them  wore  in  full  flower. 

TiBLi  LXXXV. 
Nicotiana  iabm.'um  (i'econii  (/eiieraitoi]). 


No.  of  Pol. 

CroiOBl  VLanU. 

SelE-feiUlliftl  PUnta. 
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14? 
7BJ 

tDCh«. 

3 

II. 

601 

SOI 

III. 

=:i 

87    (*) 
81  KB) 

IV. 

691 

IB 

431 

V. 

g| 

l> 

Total  in  iucheB. 

511-89 

413-75 
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The  thirteen   croseed  plautB  here  average  39-35,  and  the 
thirtocn  self- fertilised  plants  31*82  iuuhes  in  height;  or  as  100 
to  81,    But  it  would  be  a  very  much  fairer  p!au  to  esclude  ail 
the  starved  plants  of  only  10  inches  and  nnder  in  height;  and 

height,  or  as  100  to  96;  and  this  difference  is  so  small  tliat  the 
crossed  and  Belf-fortiliscd  plants  may  be  considered  as  of  equal 
heightH. 

In  addition  to  these  plants,  three  crossed  plants  wore  planted 
^^_     Beparatelj  in  three  large  pots,  and  three  Belf-fertilised  plants  in 
^^L    three  other  large  pots,  ao  that  they  were  not  exposed  to  any 
^^H    oompetitioni  and  now  the  self-fertilised  plants  exceeded  the 
^H    Ctoaeed  is  height  by  a  little,  for  the  three  crossed  averaged  55 '  91, 

^H         Cromd  and  edf-f^rtUUed  I'lanis  of  the  'f/iird  0'  r>eration.~AB  I 
^H    wished  to  aseertain,  firstly,  whether  those  eelf-fertilised  plants  of 
^^f     the  lastgenerution.ivhjoh  greatly  trxceeded  in  he%ht  their  crossed 
Opponents,  would  transmit  the  same  tendency  to  their  oflspring, 
and  secondly,  whether  they  possessed  the  same  scxnal  constitu- 
tion, I  selected  for  esperiment  the  two  self- fertilised  plmts 
^_      marked  A  and  B  in  Pot  IH.  m  Table  LSXXV.,  as  thEae  two 

^1                                          Tablb  LXXXVI. 

^H                 Seedlings /rtm  the  fkl/-/ertiUeed  Plant  A  in  Pot  III^                      J 
^H                     TableLXXX7.,oftUl-'slorSe'^idOe7ieratim.                         M 

\ 
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were  of  nearly  equal  height,  and  were  greatly  superior  to  their 
oroBBed  opponents.  Foot  flowpjs  on  eacli  plant  wore  fertiliaod 
with  their  own  p  -lien,  and  four  others  on  the  Bamo  plants  were 
croSEod  with  pollen  from  one  of  the  crrossed  plant^s  growing  in 
another  pit.  This  plan  differs  from  that  before  followed,  in 
which  seedlinga  from  crossed  plante  again  crossed,  have  been 
compared  with  seedlings  from  eelf-fertilised  plants  again  self- 
fertilised.  The  seeds  from  the  crossed  and  self-fertilised  eapsnlos 
of  the  above  two  plants  were  placed  in  separate  watch-glaasea  and 
compared,  but  wore  not  weighed;  and  in  both  cases  those  from 
the  crossed  capsules  seemed  to  he  rather  less  numerous  than 
those  from  the  Bolf-fertiiisod  capsules.  These  seeds  were  planted 
in  the  usual  manner,  and  the  heights  of  the  crossed  and  self- 
fertilised  seedlings,  when  fully  grown,  are  given  in  the  precedinjr 
and  following  table,  LXXXVI.  and  LXXXVH. 

Theseven  crossed  plants  in  the  first  of  these  two  tables  average 
95'25,  and  the  seven  self-fertilised  79 '6  inches  in  height;  or  as 
100  to  83.  In  half  the  pots  a  crossed  plant,  and  in  the  other 
half  a  self-fertihsed  plant  flowered  first. 

We  now  come  to  the  seedlings  raised  from  the  other  porent- 
ptimt  fi. 

Tablb  LXXXVn. 

Nkotiana  tubaeum  (Third  Oeneralitm). 

Btediitigi/rom  the  Belf-ferHliieii  Plimt  B  in  Pot  III., 

Table  LXXXV.,  of  the  last  or  Second  Oeneratiim. 
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The  seven  eroded  plante  (for  two  of  them  died)  here  AYerage 
70'78  inches,  and  the  nine  self -ferti lined  plants  71-3  inchea  in 
height;  or  as  100  to  burely  101.  In  fonr  out  of  these  five  pote, 
B,  Belf-fortilieed  plunt  flowered  hefore  any  one  of  the  crossed 
plajits.  So  that,  di&erentlj  from  the  last  case,  the  eolf-fertiliBed 
plante  are  in  some  respects  slightly  Enperior  to  the  crossed. 

If  we  now  confiider  the  crossed  and  self-fertilised  plants  of  the 
three  generations,  we  find  an  estraordinniy  diversitj  in  their 
relative  heights.  In  the  first  generation,  the  crossed  plants  were 
inferior  to  the  self-feitiiised  as  100  to  178;  and  the  flowers  on 
the  original  pareut-plants  which  were  crossed  with  poUen  from  a 
distinct  plant  yielded  mnch  fewer  seeds  thos  the  self-fertilised 
flowers,  in  the  proportion  of  100  lo  150.  But  it  is  a  strange  fact 
that  the  self-furtilised  plants,  which  were  snbjoct^id  to  very  severe 
competition  with  the  crossed,  had  on  two  occBfiions  no  advan- 
tage over  them.  The  inferiority  of  the  crossed  plants  of  this  first 
generation  c«nnot  bo  attributed  to  the  immaturity  of  tlie  seeds, 
for  I  carefully  examined  them;  nor  to  tlie  seeds  being  diseased 
or  in  any  way  ii^jured  in  some  one  capsule,  for  the  contents  of 
the  ten  crosaed  capsules  were  mingled  bother  and  a  few  taken 
by  chance  for  sowing.  In  the  second  generation  the  crossed  and 
Belf-fertilis(]d  plants  were  nearly  eqoal  in  height.  In  the  third 
generation,  crossed  and  self-fertilised  seeds  were  obtained  from 
two  plants  of  the  previous  generation,  and  the  seedhngs  raised 
from  them  differed  remarkably  in  constitution ;  the  crossed  in  the 
one  case  exceeded  the  self- fertilised  in  height  in  the  ratio  of  100 
to  83,  and  in  the  other  case  were  almost  equal.  This  difference 
between  the  two  lots,  raised  at  the  some  time  from  two  plants 
growing  in  the  some  pot,  and  treated  in  every  respect  alike,  as 
well  OS  the  extraordinary  superiority  of  the  self-fertilised  over 
the  crossed  plants  in  the  firet  generation,  considered  together, 
make  me  believe  that  some  individuals  of  the  present  specicB 
difler  to  a  certain  extent  from  others  in  their  sexual  affinities  (to 
use  the  term  employed  by  Gtirtner),  like  closely  allied  species  of 
the  same  genus.  Consequently  if  two  plants  which  thus  diSbr 
are  crossed,  tlie  seedlings  suffer  and  are  beaten  by  those  trom 
the  self-fertilised  flowers,  in  whiah  the  sexual  elements  are  of 
the  same  nature.    It  is  known*  that  with  our  domestic  animola 
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cerUm  indiTidmls  are  seioali;  incompatible,  and  will  not 
produce  ofiepring,  althougli  fertile  with  other  individiiala  Bnt 
Eotreuter  has  locordod  ft  cnso ■  which  bosra  more  closely  on  ouf 
present  one,  &a  it  shows  tliat  in  the  genus  Nicotiona  the  rarietica 
diffur  in  their  nexual  aCBnities.  He  experimented  on  Uve 
varieties  of  tho  (Htmmon  tobacco,  and  proved  that  the;  were 
varietiefl  by  showing  that  they  wore  perfectly  fertile  when  re- 
dprocally  crossed;  but  one  of  these  varieties,  if  used  either  as 
the  father  or  the  mother,  was  more  fertile  than  any  of  tho  others 
when  crossed  with  a  widely  distinct  species,  .V.  ylnlitiona.  As  the 
different  varietiee  thus  differ  in  theii  sexual  aEOnitiee,  there  is 
nothing  Burprising  in  the  intlividuals  of  the  same  variety  dilkp- 
ing  in  a  hke  manner  to  a  sUght  degree. 

Taking  the  plants  of  the  three  generations  altogether,  the 
oniased  show  no  superiority  over  the  self-fertilised,  and  I  can 
Booonut  for  this  fact  only  by  supposing  that  with  this  specioe, 
which  is  perfectly  self-fertile  without  insect  aid,  most  of  the  indi- 
viduals are  in  the  same  condition,  as  those  of  the  same  variety 
of  the  Qommon  pea  and  of  a  few  other  exotic  plants,  which 
have  k>een  solf'fertilised  for  many  generations.  In  guch  oases  a 
cross  between  two  individuals  does  no  good;  nor  does  it  in  any 
case,  unless  the  individuals  differ  in  general  constitution,  either 
from  so-called  spontaneona  variation,  or  from  their  progenitora 
having  been  subjectod  to  different  conditions.  T  believe  that 
this  is  the  true  explanation  in  the  present  instance,  becanse,  as 
we  shall  immediately  see,  the  offttpring  of  plants,  which  did  not 
proAt  at  all  by  being  crossed  with  a  plant  of  the  same  t^tock, 
profited  to  an  extraordinary  degree  by  a  cross  with  a  slightly 
different  sub- variety. 

Tlie  Efftcts  of  a  Crost  vn'h  afrtsk  Stock. — I  procured  some  seed 
of  M.  tuhacam  from  Kew  and  raised  some  plants,  which  formed 
a  slightly  different  sub-variety  from  my  former  plants ;  as  the 
flowers  were  a  shade  pinker,  the  leaves  a  little  more  pointed,  and 
(he  plants  not  quite  so  tall.  Therefore  the  advantage  in  height 
which  the  seedhngs  gained  by  this  cross  cannot  be  attributed  to 
direct  inheritance.  Two  of  the  plants  of  the  third  self-fertilised 
generation,  growing  in  Pots  II.  and  V.  in  Table  LXXXVII., 
which  exceeded  in  height  their  crossed  opponents  (as  did  their 
parents  in  a  still  higher  degree)  were  ftrtilised  with  pollen 
from  tho  Kew  pknts,  that  is,  by  a  fresh  stock.    The  seedlings 

■  '  Dm  Gesclilucht  Jer  Pflanzen,  Zweite  Fortsctzaag,'  1764,  p,  S5-60 
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thus  raised  may  be  called  the  Kew-crtwsisd.  Some  other  flowers 
on  the  same  two  plante  were  fertilised  with  their  own  pollen, 
and  the  seedlings  thoa  raiaed  form  the  fourth  self-fortiliBcd 
generation.  The  crossed  capsules  produced  hy  the  plant  ia 
Pot  IT.,  Table  LXXXVII,,  were  plainly  less  fine  thsji  the  aelf- 
fertilJEed  capsules  on  the  same  plant.  In  Pot  V.  the  one  flnent 
cnpsuio  was  also  a  self-fertilised  one;  hut  the  seeds  prodactd 
t)y  the  two  crossed  capsules  t<^ther  eiccadod  in  number  those 
produced  by  the  two  self-fertilised  capsules  on  the  same  plant. 
Therefore  as  far  as  the  flowers  on  the  parent-plants  are  con- 
cerned, a  cross  with  pollen  from  a  fresh  stoclt  did  little  or  no 
good;  and  I  did  not  eipect  that  the  offiipring  would  have  re- 
cwi»ed  Buy  benefit,  but  in  this  1  was  completely  mistaken. 

The  crossed  and  self-fertilised  seeds  from  the  two  plants  were 
placed  on  Itare  sand,  and  very  many  of  the  crossed  seeds  of  both 
seta  germinated  before  the  self-fertilised  seeds,  and  protruded 
their  radicles  at  a  quicker  rate.  Hence  many  of  the  crossed 
seeds  had  to  be  rejected,  before  pairs  in  an  equal  state  of  germina- 
tion were  obtained  for  planting  on  the  opposite  sides  of  sixteen 
large  pots.  The  two  series  of  seedlings  raised  tcom  the  paront- 
plaote  in  the  two  Pots  II.  and  V.  were  kept  separate,  and  when 
fnlly  grown  were  measured  to  the  tips  of  their  highest  leaves,  as 
shown  in  the  following  double  table.  But  as  there  was  no  nniform 
diffiirenee  in  height  between  the  crossed  and  self-fertilised  seed- 
lings raised  from  the  two  plants,  their  heights  have  been  added 
tc^ether  in  calculating  the  STerages.  1  should  state  that  by  the 
accidental  fall  of  a  large  bush  in  the  greenhouse,  several  plants 
in  both  the  series  were  much  injured.  These  were  at  once 
measured  together  with  their  opponents  and  afterwards  thrown 
away.  The  others  were  loft  to  grow  to  their  full  height,  and 
were  measured  when  in  flower.  This  accident  accounts  for  the 
small  height  of  some  of  the  pairs;  but  as  all  the  pairs,  whether 
only  partly  or  fnlly  grown,  were  measured  at  the  same  time,  the 
measurements  are  fsir- 

Tbe  average  height  of  the  twenty-six  crossed  plants  in  the  sii- 
teen  pots  of  the  two  series  is  63'29,  and  that  of  the  twenty- 
six  self-fertilised  plants  is  41'67  inches;  or  as  100  to  66.  The 
superiority  of  the  crossed  plants  was  shown  in  another  way, 
fur  in  every  one  of  the  alsteeu  pote  a  crossed  plant  flowered 
i  self-iertiliBed  one,  with  the  exception  of  Pot  VI.  of  the 

k  second   series,  in  which  the  plants  on  the  two  sides  flowered 
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Some  of  the  reraaimng  seedn  of  both  series,  whether  or  not  in          1 
a  Bta(«  of  gennination,  were  thickly  sown  on  Iho  opposite  siiien         1 
of  two  very  large  pots ;  aad  the  sis  highest  plants  on  oaoh  side         1 
of  eft.:h  pot  were  mea^nrod  after  they  had  grown  to  nearly  their         1 
full  height.    But  tieir  heights  were  much  less  than  in  the         ■ 
former  trials,  owing  to  their  extremely  crowded  condition.    Even         H 
whilst  quite  young,  the  crossed  soedlings  manifestly  had  ntucb         1 
hroader  and  finer  leaves  than  the  self-fertiUsed  seedlings.                     1 
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The  twelva  tallest  oroased  plants  in  the  two  pots  belonging  to 
the  two  eeriea  average  heio  31 '53,  and  the  twelve  tallest  self-ferti- 
lisedplantB  17-21  inches  in  height;  oraal00to54.  The  plan  to 
on  both  sides,  when  failj  grown,  some  time  after  they  had  been 
measured,  were  cot  down  close  to  the  groitnd  and  weighed. 
The  twelve  eroased  plants  weighed  21-25  ounces;  and  the 
twelve  self-fertilised  plants  only  7'83  onncos;  or  in  weight  as 
100  to  37. 

The  rest  of  the  crossed  and  self- fertilised  seeds  from  the  two 
parent-plants  (the  same  as  in  the  last  experiment)  was  sown  on 
tholst  of  July  in  four  long  parallel  and  separate  rows  in  good  soil 
in  the  open  ground;  so  that  the  GecdUngs  were  not  Eabjected  to 
any  mutual  competition.  The  summer  was  wet  and  unfavourable 
for  their  growth.  Whilst  the  seedlings  wore  very  small  the  two 
crossed  rows  had  a  clear  advantage  over  the  two  self-fertiUsed 
rows.  When  fully  grown  the  twenty  tallest  crossed  plante  and 
the  twenty  tallest  self-fertilised  plants  were  selected  and  mea- 
sured on  the  11th  of  November  to  the  extremities  of  their  leaves, 
U  ^owu  in  the  following  table  (XC).     Of  the  twenty  crossed 

Hits,  twelve  had  flowered ;  whilst  of  the  twenty  self-fiatilieed 

tuts  one  alone  hod  flowered. 


^^HitlBDts,  twelve 
^^^H)aiitB  one  aloi 
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The  twenty  tallest  crossed  plants  here  aTerage  48-74,  and  the 
twenty  tallest  self-fertilipcd  35'2  inches  in  height;  or  as  100  to 
72.  These  plunte  after  being  mensnred  ware  eut  down  close  to 
the  ground,  and  the  twenty  crossed  plants  wdghed  196-75 
ounces,  and  the  twenty  self- fertilised  plants  123 '25  ounces;  or 
as  100  bi  63. 

In  the  three  preceding  taWes,  LXXXVIII.,  LXXXIX.,  and 
XC,  we  have  the  measurements  of  fifty-8ii  plants  derived  from 
two  plants  of  the  third  self-fertilised  generation  crossed  with 
poilen  from  a  fresh  stock,  and  of  flfty-six  plants  of  the  fourth  self- 
fertilised  generalion  derived  from  the  same  two  plants.  These 
crossed  and  self- fertilised  plants  were  treated  in  three  different 
ways,  having  been  put,  firstly,  into  moderately  close  competition 
with  one  another  in  pota ;  eecondly,  having  been  subjected  to 
unfavourable  conditions  and  to  very  severe  competition  from 
being  greatly  crowded  in  two  large  pota ;  and  tliirdly,  having 
being  sown  separately  in  open  and  good  ground,  so  as  not  to 
suffer  from  any  mutual  competitioa  In  all  these  oasefl  the 
eroeaod  plants  in  each  lot  were  greatly  superior  to  the  self- 
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fertilised.  This  was  ehown  in  several  ways,— by  the  earlier 
gormiiiatioQ  of  the  crossed  seeds,  b;  the  more  rapid  grovth  of 
the  seBdliijgs  wliilst  quite  young,  lij  the  earlier  flowering  of  the 
m&tnre  plants,  as  well  ss  b;  the  greater  height  which  they 
ultimately  attained.  The  superiority  of  the  crossed  plants  waa 
shown  still  more  plainly  when  the  two  lota  were  weighed  ;  the 
weight  of  Ibe  crossed  plants  to  that  of  the  self-fertilised  in  the 
two  crowded  pots  being  as  100  to  37.  Better  eTidenoe  oonld 
hardly  be  dottired  of  the  immense  advantage  derived  &om  a 
cross  with  afresh  stock. 

XXVI,  PItlMULiOKSL— Ctolamen  pebsioum.' 
Ten  flowers  crossed  with  pollen  from  plants  known  to  be 
distinct  seedlings,  yietiied  nine  capsules,  containing  on  an 
average  34'2  seeds,  with  a  maximimi  of  seventy-seren  in  one. 
Ten  flowers  self-fertilised  yielded  eight  capsules,  containing  on 
anaverageonlylS'lseeds,  with  a  maximum  of  twenty-five  in  one. 
This  gives  a  ratio  of  100  to  38  for  the  average  number  of  seeds 
per  capsule  for  the  crossed  and  self-fertilised  flowers.  Ibe 
flowers  bang  downwards,  and  as  the  stigmas  aland  clofc  beneath 
the  anthers,  it  might  have  been  eipected  that  pollen  wonld 
have  fallenon  them,  and  that  the;  would  have  been  spontaueously 
self- fertilised;  but  these  covered-up  plants  did  not  produce  a 
siiiglo  capsule.  On  some  other  occasions  uncovered  plants  in 
the  same  greenhouse  produced  plenty  of  capsules,  and  I  suppose 
tliat  the  flowers  bad  Ijeen  visited  by  bees,  which  could  hardly 
tail  to  carry  pollen  from  plant  to  plant. 

The  seeds  obtained  ia  the  manner  juet  described  were  placed 
on  sand,  and  after  germioating  were  planted  in  pairs,— tiiree 
crossed  and  three  self-feriilised  plants  on  the  opposite  sides  of 
four  pots.  When  the  leaves  were  2  or  3  inches  in  length, 
including  the  foot-stalks,  the  seedlings  on  both  sides  were 
equal.  Is  the  course  of  a  month  or  two  the  crossed  plants  began 
to  show  a  slight  superiority  over  the  self-fertilised,  which 
steadily  increased ;  and  the  crossed  flowered  in  all  four  pots  some 
weeks  before,  and  much  more  profusely  than  the  self-fertiliaed. 
Xhe  two  tallest  flower-stems  on  the  crossed  plants  in  each  pot 
were  now  measured,  and  the  average  height  of  the  eight  stems 
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I  9  49  inolios.  After  a  oonwderahle  intorval  of  time  the 
self-fertilised  plante  floworod,  and  several  of  thoir  flower-atemB 
(but  I  forgot  to  record  how  many)  werG  roughly  mcftsured,  and 
their  arerage  height  was  a  little  under  7'5  inches ;  bo  that  the 
flower-steniH  on  the  croRsed  plants  to  those  on  the  self-fertilised 
were  at  least  as  100  to  79.  The  reason  why  I  did  not  make 
more  careful  meaeuremcntB  of  the  self-fertilised  plants  was,  that 
the;  looked  such  poor  specimens  that  I  determined  to  have  them 
re-pottod  in  larger  y^ots  and  in  the  following  year  to  measure 
them  carefully ;  but  we  shall  sec  that  this  was  partly  fruBttnted 
by  so  few  flower-stems  being  then  produced. 

These  plants  were  left  uncoverod  in  the  greenhouse ;  and  the 
twelve  crossed  plants  produced  forty  capsules,  whilst  the 
twelve  self-fertilised  plants  prodnced  only  five ;  or  as  100  to  13. 
But  this  difference  does  not  give  a  just  idea  of  the  relative 
fertility  of  the  two  lots.  I  counted  the  seeds  in  one  of  tlie  finest 
capsules  on  the  crossed  plants,  and  it  contained  seventy-three; 
whilst  the  finest  of  the  five  capsules  produced  by  the  Belf- 
fertili^ed  plants  conlained  only  thirty-five  good  seeds.  In  the 
other  four  capsules  moet  of  the  scoda  weio  baiely  half  as  loi^e 
OB  those  ia  the  cruBsed  capanlea. 

Tablb  XCfL 

Cyclamen  peraieum :  0  impliu  that  no  Jlower-item  w 
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In  the  following  year  the  crossed,  plants  agnin  bore  many 
flowers  before  the  Bolf-fertihped  bore  a  wngle  one.  Tlie  three 
tallest  flower-etema  on  the  cro8se<1  plnnte  in  eacli  of  the  pota 
were  measured,  ae  ehown  in  Table  XCI  In  Pots  I.  and  II.  the 
Belf-fertilised  plants  did  not  produce  a  single  flowyr-stem;  in 
Pot  IV.  only  one;  and  in  Pot  UF.  six,  of  which  the  three  taUest 
were  neasnred. 

The  average  height  of  the  twelve  flower-stema  on  the  croeeed 
plants  is  999,  and  that  of  the  fonr  flower-stems  on  the  self- 
fertilised  plantH  7-37  inches ;  or  as  100  to 74.  The self-fertiUsed 
plants  were  miserable  specimens,  whilst  the  erossed  ones  looked 
very  rigorous. 

Anagalih. 
AnagaUU  naUina,  var.  grandi,fii>ra  (pale  red  and  blua-fiomered 
mb-varietiee). 
itiy,  twenty-five  flowers  on  some  plants  of  the  red  variety 
crossed  with  polliiD  from  a  distinct  plant  of  the  sacne 
variety,  and  produced  ten  eapsules ;  thirty-one  flowers  were 
fortilisod  with  their  own  pollen,  and  produced  eighteen  capsiileft 
These  planta,  which  were  grown  in  pots  in  the  greenhouse,  were 
evidently  in  a  very  sterile  condition,  and  the  seeds  in  both 
sets  of  capsules,  especially  in  the  self-fertilised,  although 
nmnerouH,  were  of  so  poor  a  quality  tliat  it  was  very  difficult 
to  determine  which  were  good  and  which  bad.  But  as  &r  as  I 
eonld  judge,  the  crossed  capsules  contained  on  an  average  6'3 
good  seeds,  with  a  maximum  in  one  of  thirteen ;  whilst  the 
self- fertilised  contained  6 'OS  such  seeds,  with  a  maximum  in 
one  of  fourteen. 

Secondly,  eleven  flowers  on  the  red  variety  wore  castrated 
whilst  young  and  fertilised  with  pollen  from  the  hlue  variety, 
and  this  cross  evidently  much  increaseU  their  fertility;  for  the 
eleven  flowers  yielded  seven  capsules,  which  contained  on  an 
average  twice  as  many  good  seeds  as  before,  riz.,  12  ■  7 ;  with  a 
uinximum  in  two  of  the  capsules  of  seventeen  seeds.  Therefoiro 
these  crossed  capenlea  yielded  seeds  compared  with  those  in  the 
foregoing  self-fertiUsed  copsnleH,  as  100  to  49.  These  seeds  were 
ftlro  conspicuonaly  larger  than  those  from  the  cross  between  two 
indiriduals  of  the  same  red  variety,  and  germinated  much  n 
freely.  The  flowera  on  most  of  the  planta  produced  by  the  ctobb 
between  the  two-coloured  varieties  (of  which  several  were  raised), 
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took  after  their  mother,  and  were  rmi-coloared.  Bat  on  two  of 
the  plants  the  flowers  wore  plainly  etttiuod  with  blue,  and  to 
such  a  degree  in  one  case  as  to  be  almoEt  intermediate  in  tint. 

The  crossed  seeds  of  the  two  foregoing  kinds  and  the  self- 
fertilised  were  sown  on  the  opposite  sides  of  two  large  pots,  and 
the  seodlJDgH  wore  measurod  when  fully  grown,  as  shown  in  the 
two  following  tables  : — 

Table  SOU. 
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Total  In  inch«. 
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Tat«I  Of  both  lobi. 

144-ea 

9B'76 

As  the  plants  of  the  two  lots  are  few  in  ntintber,  they  may  be 
run  together  for  the  genera!  average ;  hot  I  may  first  state  that 
the  height  of  the  seedlings  from  the  crosx  between  two  iDdiridnals 
of  the  red  variely  is  to  that  of  the  Bel f-ferti Hand  plants  of  the  red 
■variety  as  100  to  73  ;  whereas  the  height  of  the  crossed  oflfepring 
from  the  two  varieties  to  the  self-fertilised  plapts  of  the  red 
variely  is  as  100  to  66.  So  that  the  cross  t>etwcen  tho  two 
Tarieties  is  here  seen  to  be  the  most  advantogeons.  The  averts 
height  of  all  six  crossed  plants  in  the  two  lots  taken  together  is 
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3-20,  and  thiit  of  the  six  iwlf-fcrtilised  plante  33-25 ;  or  as  100 

s  BIS  crosBod  plants  produced  spontanoonsif  twenty-eix 
K'capsales,  whilst  the  six  sol f-ferti Used  plants  produced  onl;  two, 

"  )  to  8.  Tliere  ia  ttieiefore  ttia  Bame  eKtraordinnrj 
I  difference  in  fertility  between  the  creased  and  self- fertilised 
■  Jilants  as  in  the  last  genus,  Cf  claraen,  which  iieloags  to  the  aonw 
i  bmil;  of  the  FrimQlaces.  ^fl 

FitiuuLA  VEEis.    Brit  Flora.  ^^ 

{  Vai".  qffidtiaiis,  Linn.).  The  Cowslip. 
Moat  of  the  species  in  this  genua  are  heterostjiod  or 
w  tonorphic  ;  that  is,  thej  present  two  forms,— one  long-fityled  with 
short  Btnmens,  and  the  other  Bhoi+«tyled  with  long  Rtamena.* 
For  complel*  fortiliaation  it  ianeoesBary  that  pollen  from  the  one 
form  should  be  appUed  to  tlie  stigma  of  the  other  form ;  and  this 
is  effected  ondor  luituie  by  insects.  Such  unions,  and  the  seed- 
lings raised  from  them,  I  hare  called  legitimate.  If  one  form  is 
fbrtiliBed  with  pollen  from  the  same  form,  the  full  complement 
of  Heed  is  Dot  produced ;  and  in  the  caae  of  some  heterogtyled 
genera  no  seed  at  all  is  produced.  Such  unions,  and  the  seed- 
lings raised  from  them,  I  have  called  illegitimate.  These  seed- 
lings are  often  dwarfed  and  more  or  less  sterile,  like  hybrids. 
I  possessed  some  long-styled  plants  of  F.  verm,  which  daring  fonr 
gaccoaajve  generations  had  been  produced  from  illegitimate 
Tuoions  between  long'Styled  plants ;  they  were,  moreover,  in  some 
d^reeinter-relnted,  and  had  been  subjected  all  the  time  to  similar 
conditions  in  pots  in  the  greenhouse.  As  long  as  they  were 
cultivated  in  this  manner,  they  grew  well  and  were  healthy  and 
fertile.  Their  fertility  even  increased  in  the  later  generations, 
as  if  they  were  becoming  habituated  to  illegitimate  fertilisation. 
Plants  of  the  first  illegitimate  generation  when  token  from  the 
greenhouse  and  planted  in  moderately  good  soil  out  of  doors 
grew  well  and  were  healthy;  but  when  those  of  the  two  last 
iliegitimate  generations  were  thus  treated  they  became  exoes- 
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siTelf  Btenle  and  dwiirfctd,  niid  i^mained  bo  during  tlie  following 
yetir,  by  which  titua  thej  ought  to  Imvo  become  accustomed  to 
growing  out  of  doors,  so  that  they  must  have  possessed  a  weak 
constitution. 

Under  these  circumatances,  it  seemed  advisable  to  ascertain 
what  would  he  the  effect  of  legitimately  crossing  long-styled 
plnuta  of  the  fourth  illegitimate  generation  with  pollen  taten  from 
non-related  ehort-styled  plants,  growing  under  different  con- 
ditions. Accordingly  several  flowers  on  plants  of  the  fonrth 
illegitimate  generation  (i.e.,  great-great-grandchildren  of  plants 
which  had  been  legitimately  fertilised),  growing  vigorously  in  pots 
in  the  greenhouse,  wore  legitimately  fertilised  with  pollen  from 
an  almost  wild  short-styled  cowslip,  and  these  flowers  yielded 
some  fine  capsules.  Thirty  other  flowers  on  the  same  illegi- 
timate plants  were  fertilised  with  their  own  pollen,  and  these 
yielded  Beventwn  capsules,  containing  on  an  average  thirty-two 
Boeds.  This  is  a  high  degree  of  fertility ;  higher,  I  beiieve,  than 
that  which  generally  obtains  with  illegitimately  fertilised  long- 
Btjled  plants  growing  out  of  doors,  and  higher  than  that  of  the 
previous  illegitimate  generations,  althongh  their  flowera  were 
fertilised  with  pollen  taken  from  a  distinct  plant  of  the  BKUS 

These  two  lots  of  seeds  were  sown  (for  they  will  not  germinate 
well  when  placed  on  bare  sand)  on  the  opposite  sides  of  four 
pots,  and  the  seedlings  were  thinned,  so  that  an  equal  number 
were  left  on  the  two  sides.  For  some  time  there  was  no  marked 
difference  in  height  between  the  two  lots ;  and  in  Pot  UI.,  Table 
XCin.,  the  self-fertilised  plants  were  rather  the  talliat.  But  by 
the  time  that  they  had  thrown  up  young  flower-stems,  the 
legitimately  crossed  plants  appeared  much  the  finest,  and  had 
greener  and  larger  leaves.  The  breadth  of  the  largest  leaf  on 
each  plant  was  measured,  and  those  on  the  crossed  plants  were 

Ion  an  average  a  quarter  of  an  inch  (exactly  '28  of  an  inch) 
broader  than  those  on  the  self-fertilised  plants.  The  plants,  from 
being  too  much  crowded,  produced  poor  and  short  flower-Btema. 
The  two  finest  on  each  side  were  measured ;  the  eight  on  the 
Intimately  crossed  plants  averaged  408,  ond  the  eight  on  tlie 
illegitimately  self-fertilised  plants  averaged  2-93  inches  in 
height;  or  as  100  to  72. 
These  plants  after  they  had  flowered  were  turned  out  of  their 
pots,  and  planted  in  fairly  good  soil  in  the  open  ground.  In 
the  following  year  (1870),  when  in  full  flower,  the  two  tallest 
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Bower  atertiB  on  each  aide  were  again  measured,  aa  shown  in  the 
following  table,  which  likewise  gives  the  numbtT  of  flower-stems 
produced  on  both  sides  of  ail  the  pots. 

tablb  xcm. 

Primula  verie. 
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rThe  average  height  of  the  eight  tallest  flower-staioB  on  the 
oroBsed  plants  is  here  7'03  inches,  and  that  of  tlis  eight  tallest 
flower-BteiBH  on  the  self-fertilised  plants  3-21  inches;  or  as  100 
to  46.  We  see,  also,  that  the  crossed  plants  bore  sistj-two  flower- 
stems;  that  is,  above  four  times  as  many  as  those  (viz.,  fifteen) 
borne  by  the  self-fertilised  plants.  The  flowers  were  left  ex- 
posed to  the  visits  of  insects,  and  as  many  plants  of  both  forma 
grew  close  by,  they  must  have  been  legitimately  and  naturaUy  fer- 
tilised. Under  these  circumstances  the  crossed  plants  produced 
334  capsules,  whilst  the  self-fertilised  produced  only  16 ;  and 
these  were  all  produced  by  a  single  plant  in  Pot  n.,  which  was 
much  liner  than  any  other  self-fertilised  plant.  Judging  by  the 
number  of  capsules  produced,  the  fertility  of  an  equal  number 
of  crossed  and  self-feitilised  plants  was  aa  100  to  6. 

In  the  sacceeding  year  (liS71)  I  did  not  count  all  the  flower- 
Btems  on  these  p1ant.s,  but  only  those  which   produced  cap- 

KB  coutatning  good  seeds.  The  season  was  unfavoumble,  and 
oroesed  plants  produced  only  forty  such  flower-stems,  bearing 
^ 1^ 
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168  good  oapBulns,  wKilst  the  Belf-fortilieod  plants  produced 
onlj  tm>  BUGb  flower-stem h,  bearing  oal;  6  capaulefi,  half  of 
which  were  vcrj  poor  ones.  So  that  the  fertility  of  the  two  lots, 
judging  by  the  number  of  cajiHuleR,  was  as  100  to  3'6. 

In  considering  the  great  differenue  m  height  and  the  wonderfnl 
difference  in  fertihty  between  the  two  sets  of  plants,  we  ehonld 
bear  in  mind  that  this  is  the  rosnlt  of  two  distinct  agencies. 
The  self-fertilieed  plants  were  the  product  of  illegitimate  fertili- 
Fation  during  live  succeseive  generations,  in  all  of  which,  ex- 
cepting the  last,  the  plants  had  been  fertiUeed  with  pollen  taken 
from  a  distinct  individual  belonging  to  the  same  form,  but  which 
was  more  or  less  closely  related.  1'he  plants  had  also  been 
subjected  in  each  generation  to  closely  similar  conditions.  This 
treatment  alone,  as  I  know  from  other  observations,  would  have 
greatly  reduced  the  siro  and  fertility  of  the  ofispring.  On  the 
other  hand,  the  crossed  plants  were  the  o&pring  of  long-styled 
plants  of  the  fonith  illegitimate  generation  legitimately  croSEed 
with  pollen  from  a  short-styled  plant,  which,  as  well  as  its  pro- 
genitors, had  been  exposed  to  very  differnnt  conditions ;  and  this 
latter  circumstance  alone  would  have  given  great  vigour  to  the 
offspring,  as  ws  may  infer  from  the  several  analo^na  cases 
already  given.  How  much  proportional  weight  ought  to  be  at- 
tributed to  these  two  agencies, — the  ono  tending  to  injure  the 
aelf-fertiliBod  offspring,  and  the  other  to  benefit  the  crossed 
oflspring, — cannot  be  determined.  But  we  shall  immediately 
Bee  that  the  greater  jtart  of  the  benefit,  as  far  as  increased 
fertility  is  concerned,  must  bo  attributed  to  the  cross  having 
been  made  with  a  fresh  stuck. 

PEnrULA  VBEIS. 
Eqital  ilylcd  and  Ted-fititeered  var. 
I  have  described  in  my  paper  '  On  the  lUegitiniate  Unions  of 
Dimorphic  and  Trimorphtc  Plants'  this  nmarkable  variety,  which 
was  sent  to  me  from  Edinburgh  by  Mr.  J.  Scott  It  possessed  a 
pistil  proper  to  the  long-styled  form,  and  stamons  proper  to  the 
ahort-atjied  form ;  so  that  it  had  lost  the  heterostyied  or  dimor- 
phic character  common  to  most  of  the  species  of  the  genus, 
and  may  be  compared  with  an  hermaphrodite  form  of  a  hi- 
sexual  animal.  Consequently  the  pollen  and  stigma  of  the 
adapted  for  coniplef  u  mutual  fertilisation,  insttad 
of  its  iteing  necessary  that  pollen  should  bo  brought  from  ono 
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form  to  another,  as  in  the  common  cowalip.  From  the  Btigma 
and  anthoTB  sto&dmg  nearlj  on  thd  same  level,  the  flowers  are 
perfectly  self-fertiie  when  insects  are  eseluded.  Owing  to  the 
lortunate  existence  of  this  varietj,  it  is  poesiblo  to  feitiliso  its 
flowers  in  a  legitimate  manner  with  their  own  pollen,  and  to 
croBB  other  flowers  in  a  legitimate  manner  with  pollen  from 
another  Tarioty  or  fresh  stock.  Thus  the  offspring  from  both 
unions  can  be  compared  quite  fairly,  froo  from  any  doubt  from 
the  injurious  eSecta  of  an  illegitimato  union. 

The  plants  on  which  I  experimented  had  been  raised  during 
two  Buccesaive  generatiom*  from  spontaneously  self- fertilised 
seeds  produced  by  plants  under  a  net ;  and  as  the  variety  is 
highly  self-fertila,  its  progenitors  iti  Edinbui^h  may  have  Iwen 
self-fertilised  duriog  some  previous  generatious.  Several  flowers 
on  two  of  my  plants  were  legitimately  crossed  with  pollen  from 
a  short-styled  common  cowslip  growing  almost  wild  in  my 
orchard ;  so  that  the  cross  was  between  plante  which  had  been 
subjected  to  considerably  different  conditions.  Several  other 
flowers  on  the  same  two  plants  were  allowed  to  fertilise  them- 
selves under  a  net ;  and  this  union,  as  already  explained,  is  a 


The  crossed  and  self-fertilised  seeds  thus  obtained  were  sown 
thickly  on  the  opposite  sides  of  three  pots,  and  the  seedlings 
thinned,  so  that  an  equal  nnmber  were  left  on  the  two  sides. 
The  seedhngB  during  the  first  year  were  nearly  equal  in 
height,  excepting  in  Pot  m..  Table  XCIV.,  in  wliich  the  self- 
fertilised  plants  had  a  decided  advantage.  In  the  autumn  the 
plants  were  bedded  out,  in  their  puts;  owing  to  this  circum- 
stance, and  to  many  plants  growing  in  each  pot,  they  did  not 
flourish,  and  none  were  very  productive  in  seeds.  But  the 
oanditiouB  were  perfectly  equal  and  fair  for  both  sides.  In  the 
following  spring  I  record  in  my  notes  that  in  two  of  the  pots 
the  crossed  plants  are  "  incomparably  the  finest  in  general 
appearance,"  and  in  all  three  pots  they  flowered  before  the  self- 
tertiUsed.  When  in  full  flower  the  tallest  flower-stem  on  each 
aide  of  each  pot  was  measured,  and  the  number  of  the  flower- 
stems  on  both  sides  counted,  as  shown  in  the  following  table. 
The  plants  were  left  uncovered,  and  asothcr  plants  were  growing 
close  by,  the  flowers  no  doubt  were  crossed  by  insects.  When 
the  capsules  were  ripe  they  were  gathered  aud  counted,  and 

Chkewise  shown  in  the  following  table : — 
I 
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Tablb  XCIV. 
Prinula  vena  (eqyjil-dyled,  red-JIowiTed  vuriety). 
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The  averagQ  height  of  the  three  tallest  flower-etema  on  the 
oTOBsed  plants  is  8-66  inchea,  and  that  of  the  three  on  the 
Bolf-fertilisod  plants  7-38  inches;  or  as  100  to  85. 

AU  the  croHse'l  plants  together  produced  thirty-three  flower- 
BtaniB,  whilst  the  self-fertiliseil  bore  only  thirteen.  The  imwilier 
ofthecapsulea  were  counted  only  on  the  plants  in  Pota  land  III., 
for  the  Belf-fertilieed  plants  in  Pot  II.  produced  none;  therefore 
those  on  the  crossed  plants  on  the  opposite  side  were  not 
counted.  Capsules  not  contaiimig  any  good  seeds  were  rejected. 
The  crossed  plants  in  the  aiwve  two  pots  produced  206,  and  tile 
self-fertilised  in  the  same  pots  only  32  capsules;  or  as  100 
to  15.  Judging  from  the  previous  generations,  the  eitreme 
nnproductivenesa  of  the  self-fertilised  plants  in  this  experiment 
was  wholly  due -to  their  having  been  subjected  to  unfavourable 
conditions,  and  to  severe  competition  with  the  crossed  plants; 
for  had  they  grown  sepamtely  in  good  soil,  it  is  almost  certain 
that  they  would  have  produced  a  large  numbur  of  CB|iBu]es. 
The  seeds  wore  counted  in  twenty  capsules  from  the  crossed 
plants,  and  they  averaged  '24-75;  whilst  in  twenty  capanles 
from  the  self-fertilised  plants  the  average  wae  17-65;  or  as 
100  to  71.  Moreover,  the  seeds  from  the  self- fertilised  plants 
not  nearly  so  tine  as  those  from  the  crossed  plants.  If 
we  consider  together  the  number  of  capsules  produced  and 
the  average  number  of  contained  seeds,  the  fertility  of  the 
crossed  plants  in  the  self-feitilised  plants  was  as  100  to  11. 
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We  thus  see  what  a  great  effect,  aa  far  as  fertility  ie  concerned 
waa  produced  by  a  cross  between  the  two  varieties,  which  had 
been  long  esjKwcd  to  different  conditions,  in  comparison  with 
^If-fertilisation ;  the  fertilisation  baying  been  in  both  coscg  of 
the  legitimate  order. 

FrUIDLA    BINENfilS. 

Aa  the  Chinese  primrose  is  a  heteroetyled  or  dimorphic  plant, 
like  the  common  cowslip,  it  might  have  been  expected  that  the 
flowers  of  both  forma  when  illegitimatflly  fertilised  with  their 
own  pollen  or  with  that  from  flowers  on  another  plant  of  the 
same  form,  would  hove  yielded  less  seed  than  the  legitimately 
croased  flowers;  and  that  the  seedlings  raised  from  illegiti- 
mately Belf-fertihsed  seeds  would  have  l>een  somewhat  dwarfed 
and  less  fertile,  in  comparison  with  tlic  j:uidUngs  from  legiti- 
mately crossed  seeds.  This  holds  good  in  relation  io  the  fer- 
tility  of  the  flowers;  hut  to  my  surpriso  there  was  no  difference 
Id  growth  between  the  oSspring  from  a  legitimate  union  between 
two  distinct  plants,  and  from  an  illegitimate  union  whether 
between  the  flowers  on  tlie  same  plant,  or  between  distinct  plants 
of  the  same  form.  But  I  have  shown,  in  the  paper  before  referred 
to,  that  in  England  this  plant  is  in  an  abnormal  condition, 
such  as,  judging  from  analogous  eases,  would  ttnd  to  render  a 
cross  tiotween  two  individuals  of  no  beneBt  to  the  offspring. 
Our  plants  haTe  been  commonly  raised  from  self-fortiliswl 
seeds;  and  the  seedlings  have  generally  been  snbjectod  to  nearly 
uniform  conditions  in  pots  in  greenhouses.  Moreover,  many  of 
the  plants  are  now  varying  and  changing  their  character,  so  as 
to  become  in  a  greater  or  loss  degree  equal-styled,  and  in  con- 
Bwjuence  liighly  self-fertile.  From  the  analogy  of  P  vrrix  there 
can  hardly  l*  a  doubt  that  if  a  plant  of  J',  ainfjietii  could  have 
l«eu  procured  direct  from  Cbina,  and  if  it  had  been  crossed 
with  one  of  oar  English  varioties,  the  oSspring  would  have 
shown  wonderfuJ  superiority  in  height  and  fertility  (though 
probably  not  in  the  beauty  of  their  flowers)  over  our  ordinary 
pianta. 

My  first  experiment  consisted  in  fertilising  many  flowers  on 
long-styled  and  sliort-stjlod  plants  with  their  own  jwllen,  and 
other  flowers  on  the  same  plants  with  pollen  taken  from  distinct 
plants  belonging  to  the  same  form ;  bo  that  all  the  unions  were 
illegitimnt«.    There  was  do  uniform  and  marked  difference  in 
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the  number  of  aeeds  obtnined  from  those  two  modus  of  self-fei- 
tilisation,  both  of  which  wero  illegitimate.  The  two  lutfi  of  seeds 
from  both  formfi  vere  sown  tliickl;  od  opposite  sides  of  four  pots, 
and  numeroas  piants  thus  raised.  But  there  was  no  diflerence 
in  their  growth,  excepting  in  ono  pot,  in  which  the  ofispring 
&OID  tho  illegitimate  ntdon  of  two  long-styled  plants  exceedod 
in  a  decided  manner  in  height  the  oflepring  of  Sowers  on  the 
sanio  plants  fortilisod  with  their  own  pollen.  Bnt  in  all  four 
pots  the  plants  raised  &om  the  union  of  distinct  plants  belonging 
to  the  same  form,  flowered  before  the  offipring  from  the  self- 
fertilised  flowers. 

Some  long-styled  and  short-styled  plants  were  now  raised  from 
pnrehased  seeds,  and  flowers  on  both  forms  were  legitimately 
crossed  with  pollen  from  a  distinct  plant ;  and  other  flowora  on 
both  forms  were  illegitimately  fertilised  with  pollen  from  the 
flowers  on  the  same  plant.  The  seeds  were  sown  on  opposite  sides 
of  Pote  I,  to  IV.  in  the  following  table  (XCV.);  a  single  plant 
being  lefl  on  each  side.  Several  flowers  on  tho  illegitimate  long- 
styled  and  short-styled  plants  described  in  the  lost  paragraph, 
were  also  legitimately  and  illegitimately  fertilised  in  the  manner 
just  described,  and  their  seeds  were  sown  in  Pots  V.  to  VIIL  in 
the  same  table.  As  the  two  sets  of  seedlings  did  not  differ  in 
any  essential  manner,  their  measurements  are  given  in  a  single 
table.  I  should  add  that  the  legitimate  unions  in  both  cases 
yielded,  as  might  have  been  expeeted,  many  more  seeds  than  the 
ill^itimate  unions.  The  seedlings  whilst  half-grown  presented 
no  difference  in  height  on  tlie  two  sides  of  the  several  pots. 
When  fuliy  grown  they  were  measured  to  the  tips  of  their 
longest  leaves,  and  the  result  is  given  in  Table  XCV. 

In  six  out  of  the  eight  pots  the  legitimately  crossed  plants 
exceeded  in  height  by  a  trifle  the  illegitimately  self- fertilised 
plants;  but  the  latter  exceeded  tho  former  in  two  of  the  pots  in  a 
more  strongly  marked  manner.  The  average  height  of  the  eight 
legitimately  crossed  plants  is  ll'Ol,  and  that  of  the  eight  illegi- 
timately self-fertilised  9-03  inches;  or  as  100  to  100-2.  The 
plants  on  the  opposite  sides  produced,  as  far  as  could  be  judged 
by  the  eye,  an  equal  number  of  flowers.  I  did  not  connt  the  cap- 
sules or  the  seeds  produced  by  them ;  but  undoubtedly,  judging 
from  many  previous  observations,  the  plants  derived  from  the 
legitimately  crotised  seeds  would  have  been  considerably  more 
fertile  than  those  from  the  illegitimately  self-fertilised  seeds. 
The  crossed  plants,  as  in  the  previous  case,  flowered  before  the 
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No.  of  Pot. 

Rarta  from  1«1H- 
DiUcl;  miesol  SedB. 

PUin«fn>qiillegilI- 
miWly  KU-feitlliKd 

' 

yrom  Bhort-Btjled 
mother. 

II. 

Ifrom  short-styled 

mother. 

lpch«. 

Indiei. 
S 

n 

8! 

IIL 
Prum  loug-stf  lad 

n 

91 

IT. 
From  long-stjled 

8| 

8) 

V. 

Prom  illegitimntt 

■hort-i'tjled 

SI 

9 

VI. 

From  iUegitimatB 

ahnrt-alTled 

mother. 

83 

8i 

VII. 
Fi™  illeKitimsts 
loBg^tj-led  mother 

BJ 

91 

VIII. 
Frum  illegilimnta 
ong-«y1ed  mother 

10  J 

10 

TDlnl  in  lochea.    1                TS-13 

73'25 

turo    S 

may,  I 

tilised  plants  Jn  aU  the  pota  except  in  Pot  H.,  in  wh 
lies  flowered  eimultancously ;  and  this  c'lirly  flo 
crimps,  be  considered  sb  an  advant^e. 

1 

ichtba 

werinff 

1 
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This  plant  waa  (Jiscovorcd  by  Hildebrand  to  be  heterostjlod, 
that  IB,  to  preEont,  like  the  species  of  Primula,  a  long-styled  aod  a 
Bhort-atyled  form,  which  ore  adapted  for  reciprocal  fortiJisation. 
Therefore  the  following  comparison  of  the  growth  of  the  cioasod 
and  Bclf-fertJIJRod  seedlings  is  not  &ir,  for  we  do  not  know 
whether  the  difference  in  their  heights  may  not  l>e  wholly  due  to 
the  JIIogitimat«  fertilisation  of  the  Bolt-fertiiised  flowers. 

I  oUtained  seeds  hy  legitimately  croEsiug  flowers  on  long-styled 
and  short-Btyloil  plants,  and  by  fertilising  other  flowers  on  both 
forma  with  pollen  from  the  same  plant.  Bather  moio  seeds  were 
obtained  by  the  former  than  by  the  latter  process ;  and  the 
legitimately  crossed  seeds  were  heavier  than  an  equal  number 
of  the  illegitimately  self-fertilised  seeds,  in  the  ratio  of  100  to  82. 
CrosHeil  and  self-fertilised  seeds  from  the  short-styled  parents, 
after  germinating  on  sand,  were  planted  in  pairs  on  the  opposite 
sides  of  a  large  pot ;  and  two  similar  lots  of  seeds  irom  long- 
styled  parents  were  planted  in  a,  like  manner  on  the  opposite 
sides  of  two  other  pots.  In  all  three  pots  the  legitimately  crossed 
seedlings,  when  a  few  inches  in  height,  were  taller  than  the  self- 
fertilised  ;  and  in  all  three  pots  they  flowered  before  them  by  one 
or  two  days.  When  fully  grown  they  were  all  cut  down  close 
to  the  ground,  and  as  I  was  pressed  for  time,  they  were  placed 
in  a  long  row,  the  cut  end  of  one  plant  touching  the  tip  of 
another,  and  the  total  length  of  the  legitimately  crossed  plants 
was  47  ft.  7  in.,  and  of  the  illegitimately  self-ferlilised  plants 
82  ft.  8  in.  Therefore  the  average  height  of  the  fifteen  crossed 
plants  in  all  three  pots  was  38' 06  inches,  and  that  of  the  fifteen 
self-fortilised  plants  26-lS  inches;  or  as  100  to  6il. 

XXVIII.  CHENOPODIACE.^.— Beta  vuloaeib. 
A  single  plant,  no  others  growing  in  the  same  garden,  waa 
left  to  fertilise  itself,  and  the  self-fertilised  seeds  were  collected. 
Seeds  were  also  collected  from  a  plant  growing  in  the  midst  of  a 
large  bed  in  another  garden ;  and  as  the  incoherent  pollen  is 
abundant,  the  seeds  of  this  plant  will  almost  certainly  have  been 
the  product  of  a  crosa  Iwtween  distinct  plants  by  means  of  the 
wind.  Some  of  the  two  lots  of  seeds  were  sown  on  the  opposilo 
sides  of  two  very  large  pots ;  and  the  young  seedlings  were 
thinned,  so  that  an  equal  but  considerable  number  was  left  on 
the  two  sides.    These  plants  were  thus  subjected  to  vory  severe 
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competitian,  as  well  as  to  yxxtr  conditionB.  The  reioaming  eeeds 
were  sown  out  of  doora  in  good  soil  in  two  long  and  not  closely 
adjoining  TOWS,  so  that  these  seodUngs  were  placed  under  faroor- 
able  conditions,  and  were  not  Bubjectod  to  any  mutual  oom- 
potitiou.  The  self-fertitiBed  goeds  in  the  open  ground  came  np 
rery  badly ;  and  on  removing  the  soil  in  two  or  three  places,  it 
was  fouod  that  many  had  sprouted  under  ground  and  had 
then  diod.  No  each  case  had  been  observed  before.  Owing  to 
the  large  number  of  seedliugs  which  thus  perished,  the  eur- 
viving  Eolf-fertilised  iilaots  grew  thinly  ia  the  row,  and  thus  had 
an  adyantage  over  the  crossed  plants,  which  grew  very  thickly 
in  the  other  row.  The  young  plants  in  the  two  rows  were  pro- 
tected by  a  little  straw  during  the  winter,  and  those  in  the  two 
large  pots  were  placed  in  the  gieeuliouse. 

There  was  no  difference  between  the  two  lota  in  the  pots  until 
the  ensuing  spring,  whcu  tiieyhad.  grown  a  httle,  and  then  some 
of  the  crossed  plants  were  finer  and  taller  than  any  of  the  eelf- 
fertiliaed.  When  in  full  flower  their  stems  were  mBasnred,  and 
the  measurements  are  given  in  the  following  tabic  : — 


I 


Table  SCVI. 


HihafFut. 

CroBBai  PlmU.        SulMMilbind  Planta. 

L 

Inchi*.                        loci™ 

1               i' 

IL 

'i' 

5^ 
11 

Tot«l  in  inchM. 

273-75 

23B-50        [ 

The  average  height  of  the  eight  crossed  plants  is  here 
34-09,  and  that  of  the  eight  self-fertiliGed  plants  29'81 ;  or  an 
lOOtoSZ. 

With  rnapect  to  the  plants  in  the  open  ground,  each  long  row 
WHS  divided  into  half,  so  as  to  diminish  the  chance  of  any 
ocddeutal  advantage  in  one  part  of  either  row;  and  the  four 
tallest  jilants  in  the  two  halves  of  the  two  rows  were  carefully 
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Belectod  and  measured.  Tho  eight  tallest  crossed  plants  averagod 
SO'92,  Olid  the  eight  tallest  self-fertilised  30'7  inches  in  height, 
or  as  100  to  W ;  ho  that  they  were  practically  equal.  But  we 
should  bear  in  mind  that  the  trial  was  not  quite  fair,  as  the 
eelf-fertilified  plants  hiid  a  great  advautage  over  the  crossed 
in  being  much  less  crowded  in  their  own  row,  owing  to  the 
large  mrniber  of  seeds  which  had  perished  under  ground  after 
sprouting.  Nor  were  the  lots  in  the  two  rows  sutgected  to  any 
mutual  competition. 

XXIX.  CANNACEffi.— Cakna  wamcbwiozl 

In  most  or  all  the  species  belonging  to  this  genus,  the  pollen 
is  shed  before  the  flower  expands,  and  adheres  in  a  masfi  to  the 
foliacoouB  pistil  close  beneath  the  stigmatic  surface.  As  the 
edge  of  this  ms^s  generally  touches  the  odgo  of  the  stigma,  and 
as  it  was  ascertained  bj  trials  purposely  made  that  a  very  few 
poilcn-grains  sufSce  for  fertHisation,  tho  present  species  and 
probably  all  the  others  of  the  genus  are  highly  self-fertilR 
Exceptions  occasionally  occur  in  which,  from  the  stamen  being 
slightly  shorter  than  usual,  the  pollen  is  deposited  a  little  beneath 
the  Htigmatifl  surface,  and  such  flowers  drop  off  nnimpreg- 
nated  unless  they  are  artificially  fertilised.  Sometimes,  though 
rarely,  the  stamen  is  a  little  longer  than  nsnat,  and  then  the 
whole  stigmatio  surface  gets  thickly  covered  with  pollen.  As 
some  pollen  is  generally  deposited  in  contact  with  the  edge  of 
the  stigma,  cei-toin  authors  have  concluded  that  the  flowers  are 
invariably  self-fertilised.  This  is  an  extraordinary  conclusion, 
for  it  implies  that  a  great  amount  of  pollen  is  produced  for  no 
purpose.  On  this  view,  also,  the  large  size  of  the  stigniatio 
surface  is  an  unintelligible  feature  in  the  structure  of  the  flower, 
as  well  as  the  relative  position  of  all  the  parts,  which  is  BUCh 
that  when  insects  visit  the  flowers  to  suck  the  copious  nectar, 
they  cannot  fail  to  carry  pollen  from  one  flower  to  another.  * 


•  Delp 

Zeitnng,'  1 867,  p.  277,  and '  Boien- 
(tl!o  Opinion,'  1870,  p.  13.1)  the 
ctmctiire  of  tlie  fluwiis  iu  this 
^□UB.  but  he  was  iDUtaken  in 
thinking  tliat  ieir-fertiliKation  ia 
imiKMBible,  at  least  in  the  case  of 
tho  prBHeot  Bpeciee.  Dr.  Dickio  and 
Prof.  Faivre  state  that  the  fluwcra 


are  Fertilised  in  (he  bnd,  odd  tlikt 
Helf-fortiliBBtion  ia  inevitable.  I 
preeumci  tliat  they  were  misled  by 
the  pollen  bi?iDg  ilepoaited  at  a 
very  early  period  on  the  pistil :  ue 
'  Journal  of  Linn.  Sue  Bot.'  voL 
z.  p.  SS,  and  'Tar!abitit£  dsa 
Kspeood,'  1868,  p.  1S8. 
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Aooording  to  Delpino,  beea  eagerly  visit  the  flowers  in  North 
Italy,  bnt  I  huTe  never  eeeu  any  insect  visiting  the  fluwerB  of  tlie 
present  speciee  in  m;  hothouse,  although  many  plantR  grew 
there  during  sevoral  years.  Kovertheless  these  plants  produeed 
plenty  of  seed,  as  they  likewise  did  when  covered  by  a  net ;  they 
are  therefore  fully  capable  of  self- fertilisation,  and  have  probably 
keen  self-fertilised  in  this  country  for  many  generations.  As 
they  are  cultivated  in  pots,  and  are  not  exposed  to  competition 
with  Hnrrounding  plant^i,  they  have  also  been  subjected  for  a 
considerable  time  to  somewhat  uniform  conditions.  This,  there- 
fore, is  a  case  exactly  parallel  with  that  of  the  common  pea,  in 
nhich  we  have  no  right  to  expect  much  or  any  good  from 
intercrossing  plants  thus  descended  and  thns  treated;  and 
no  good  did  follow,  eicepti;ig  that  the  cross-fertilised  flowers 
yielded  rather  more  seeds  than  the  self-fertilised.  This  species 
was  one  of  the  earlier  ones  on  wliich  I  eiporinicnted,  and  as  I 
had  not  then  raised  any  self-fertilised  plants  for  several  succesaivu 
generations  under  uniform  conditions,  1  did  not  know  or  even 
suspect  that  such  treatmaat  would  interfere  with  the  advantages 
to  be  gained  from  a  cross.  I  was  therefore  much  surprised  at 
the  crossed  planta  not  growing  more  vigoraasly  than  the  self- 
fertilised,  and  a  lai^e  number  of  plants  were  raised,  notwith- 
standing that  the  present  species  is  an  extremely  troublesome 
one  to  experiment  on.  The  seeds,  even  those  which  have  been 
Icoig  soaked  in  water,  will  not  germinate  well  on  bare  sand ;  and 
those  that  were  sown  in  pots  (which  plan  I  was  forced  to  follow) 
germinated  at  very  unequal  intervals  of  time;  so  that  it  was 
difficult  to  get  pairs  of  the  same  exact  age,  and  many  seedlings 
had  to  be  pulled  up  and  thrown  away.  Uy  experlmenis  were 
continued  during  three  snccessive  generations ;  and  in  each 
generation  the  self-fertilised  plants  were  again  self-fertilised, 
their  early  progenitors  in  this  country  having  probably  been  self- 
fbrtilised  for  many  previous  generations.  In  each  generation, 
iklso,  the  crossed  plants  were  fertilised  with  pollen  from  another 
crossed  plant. 

Of  the  flowers  which  were  crossed  in  the  three  generations, 
taken  together,  a  ratlier  lai^er  proportion  yielded  capsules  than 
did  those  which  were  self-fertilised.  The  seeds  were  counted  in 
forty-seven  capsules  from  the  crossed  flowers,  and  they  con- 
tained on  an  average  9'95  seeds;    whereas  forty-tjight  capsules 

Ethe  self-fertilised  flowers  contained  on  an  average  8'4fi  ^M 

or  as  100  to  85.    The  seeds  from  the  crossed  flowers  were      ,       ^H 
-  1 
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not  heavier,  on  the  contrarj  il  littls  lighter,  than  those  froiu  the 
self -fertilised  flowers,  as  waa  thrice  oacertained.  On  one  occasion 
I  weighed  200  of  the  crossed  and  106  of  the  self-fertilised  seeds, 
and  the  relative  weight  of  an  equal  nnmber  waa  as  100  for  the 
crossed  to  lOl'S  for  the  self-fertilised.  With  other  plants,  when 
the  seeds  &oin  the  self-fertilised  flowers  were  heavier  than  those 
from  the  crossed  flowera,  this  appeared  to  be  duo  general); 
to  fewer  having  been  produced  by  the  self-fertilised  flowers,  and 
to  their  having  been  ia  consequence  bettor  nourished.  But  in 
the  present  instance  the  seeds  from  the  crossed  capsules  were 
separated  into  two  lots, — namely,  those  from  the  capsules  con- 
taining over  fourteen  seeds,  and  those  from  capsules  containing 
under  fourteen  seeds,  ond  the  seeds  from  the  more  productive 
capsules  wero  the  heavier  of  the  two ;  so  that  the  above  esplona- 
tion  here  fails. 

As  pollen  is  dejKwited  at  a  very  early  age  on  the  pistil,  gene- 
rally in  contact  with  the  stigma,  some  flowers  whilst  still  in 
bud  were  castrated  for  my  first  experiment,  and  were  afterwards 
fertilised  with  pollen  from  a  distinct  plant.  Other  flowers  were 
fertilised  with  their  own  pollen.  From  the  seeds  thus  ob- 
tained, I  succeeded  in  rearing  only  three  pairs  of  plants  of  eqniil 
age.  The  three  crossed  plants  averaged  32'79  inches,  and 
the  three  self-fertilised  Ii2'0^  inches  in  height;  so  that  they 
were  nearly  equal,  the  crossed  having  a  slight  advantage.  As 
the  same  result  followed  in  all  three  generations,  it  would  be 
superfluous  to  give  the  heights  of  all  the  phuits,  and  I  will  give 
only  the  averages. 

In  order  to  raise  crossed  and  self-fertiliBed  plants  of  the  second 
generation,  some  flowers  on  the  above  crossed  plants  were  crossed 
within  twenty-fonr  hours  after  they  had  expanded  with  pollen 
from  a  distinct  plant ;  and  this  interval  would  probably  not  be  too 
great  to  allow  of  cross-fertilisation  being  effectual.  Some  flowers 
on  the  self -fertilised  plants  of  the  last  generation  were  also  self- 
fertilised.  From  these  two  lots  of  seeds,  ten  crossed  and  twelve 
self-fertilised  plants  of  equal  ages  wore  nused ;  and  these  were 
measured  when  fully  grown.  The  crossed  averaged  36 '  98,  and 
the  self-fertilised  averaged  37'42  inches  in  height;  so  that  here 
again  the  two  lots  were  nearly  equal ;  bat  the  self-fertilised  had 
a  slight  advantage. 

In  order  to  raise  plants  of  the  third  generation,  a  better  plan 
was  followed,  and  flowers  on  the  crossed  plants  of  the  second 
generation  wore  selected  in  which  the  stamens  were  too  short  to 
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reach  the  BtigmaB,  bo  that  they  could  not  pcesihly  have  been 
self-fertiliBed.  These  floweta  were  crossed  with  pollen  fcoin  a 
distinct  plant.  Flowera  on  the  self-fertilised  plants  of  the  second 
generatjon  were  again  self-fertilised.  From  the  two  lots  of  sceda 
thus  obtained,  twenty-one  crossed  and  nineteen  self- fertilised 
plants  of  eqnal  ago,  end  forming  the  third  generation,  were  raised 
in  fourteen  large  pots.  They  were  measured  when  fully  grown, 
and  by  an  odd  chance  the  average  height  of  the  two  lota  was 
exactly  the  same,  namely,  35 '96  inches;  so  that  neither  side  had 
the  least  advantage  over  the  other.  To  test  this  result,  all  the 
plants  on  both  sides  in  ten  out  of  the  above  fourteen  pots  were 
cut  down  after  they  had  flowered,  and  in  the  ensuing  year  the 
stems  were  again  measured;  and  now  the  crossed  plants  ex- 
ceeded by  a  little  (tIz.,  1  '7  inches)  the  Belf-fertiliaed.  They  were 
again  cut  down,  and  on  their  flowering  for  the  third  time,  the 
Beif-fertilised  plants  had  a  Blight  advantage  (viz.,  1-54  inches) 
over  the  crossed.  Hence  the  result  arrived  at  with  these  plants 
during  the  previous  trials  was  coufirmed,  namely,  that  neither 
lot  had  any  decided  advantage  over  the  other.  It  may,  however, 
1)0  worth  mentioning  that  the  Belf-fertilised  plants  showed  some 
tendency  to  flower  before  the  crosHed  plants :  this  occurred  with 
all  three  pairs  of  the  first  generation ;  and  with  the  cut  down 
plants  of  the  third  generation,  a  self-fertilised  plant  flowered 
first  in  nine  out  of  the  twelve  pots,  whilst  in  the  remaining  three 
pots  a  crossed  plant  flowered  first. 

If  we  coDsider  all  the  plants  of  the  three  generations  taken 
together,  the  thirty-four  crossed  plants  average  35 '98,  and  the 
thirty-four  aelf-fertOised  plants  36 -39  inches  in  height;  or  as 
100  to  101.  We  may  therefore  conclude  that  the  two  lota 
possessed  equal  powers  of  growth ;  and  this  I  believe  to  be  the 
result  of  long-continued  self-fertilisation,  together  with  exposure 
to  Bimilar  conditions  in  each  generation,  so  that  all  the  indivt 
had  HrCqoired  a  closely  similar  constitution. 
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plant  iB  nouoacions,  and  was  selected  for  trial  on  this  ao- 
oonnt,  no  other  such  plant  having  been  experimented  on.'    It  is 

*     Hildebrnntl     ronuirkB    thut  male  flowers  etaniling  jibnvu  the 

this  ipeoiee  seeiua  at  Bret   sight  fiimrJe  Ba-xi-ra;  but  pmi^ticully  it 

Bilajileii  lo  be  f-rtiliacHl  liy  pollen  tniut  gontrally   U'   fcrtiliBed   by 

from  the  tiaiiie  Dlaiit.owiiigto  the  jHiJlen  troin  Huother  plant,  ar  *•■- 
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alBoaneniopluIoBB,  or  is  fertiliBed  by  the  wind ;  and  of  anch  planta 
only  the  common  beet  had  been  tried.  Some  plants  were  raised 
in  the  greenhouse,  and  were  croBsed  with  pollen  taken  frorn  a 
distinct  plant ;  and  a  Eiingle  plnnt,  growing  quite  separately  in  a 
different  port  of  the  hoUEO,  was  allowed  to  fertilise  itself  spon- 
taneously.  The  seeds  thus  obtained  were  placed  on  damp  sand, 
and  OS  they  germinated  in  pairs  of  equal  age  were  planted  on 
the  opposite  sides  of  foor  very  largo  pots;  noverthelesB  they 
wore  considerably  crowded.  The  pots  were  kept  in  the  hothouse. 
The  plants  were  first  measured  to  the  tips  of  their  loaves  when 
only  betwoen  1  and  2  feet  in  height,  as  shown  in  the  following 
table : — 

Table-  XCVn. 
Zra  may. 


KacrfFM. 

GTDMHJPbatg. 

Sslf-ftrtUlMd  Pinna. 

L 

India, 
21 

lKb«. 

Boi 

30 

n. 

33 

ISl 

20 

BL 

33 
20 

IS 

ai 

23 

18| 

'3 

isi 

IV. 

ai 

13 

18 
131 

Total  in  inches. 

302-88 

263-63 

The  fifteen  crossed  plants  liere  average  20-19,  and  the  fifteen 
Bolf-fertilised  plants  17-57  inohee  in  height;  or  as  100  to  87. 
Mr.  Oalton  made  a  graphical  representation,  in  accordonne  with 
the  method  described  in  the  introductory  chapter,  of  the  above 

male  flowers  luuully  shed  their      K.     AlouL'     Uerlin,    Oot.    iSli, 
pollon  before  the  feiriale  floweis      p.  74S. 
are   mnture:  'Moiiatsberioht  dtr 
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nteftBUitanents,  and  adds  the  words  "  very  good  "  to  the  ciirveB 
thua  formed. 

Shortly  afterwards  one  of  the  crossed  plants  in  Pot  I.  died ; 
another  became  much  diseased  and  stunted ;  and  the  third  never 
grow  to  its  full  height.  They  seemed  to  have  been  all  injured, 
probably  by  some  larva  gnawing  their  roots.  Therefore  all 
the  plants  on  both  sides  of  this  pot  were  rejected  in  tlio  suhse- 
qnent  measurements.  When  the  plants  were  fully  grown  they 
were  again  measured  to  the  tips  of  the  highest  leaves,  and  the 
eleven  crossed  plante  now  averaged  68' 1,  and  the  eleven  self- 
fertilised  plants  62'34  inches  in  height;  or  as  100  to  91.  In  aJl 
four  pots  a  crossed  plant  flowered  before  any  one  of  the  self-fer- 
tilised ;  bBt  three  of  the  plants  did  not  flower  at  all.  Those  that 
flowered  were  also  measured  to  the  summits  of  the  male  flowers : 
the  ten  crossed  plants  averaged  66 '  51,  and  the  nine  self-fertilised 
plants  61  ■  59  inches  in  height ;  or  as  100  lo  93. 

A  lai^e  number  of  the  same  crossed  and  self-fertilised  seeds 
were  sown  in  the  middle  of  the  summer  in  the  open  ground  in 
two  long  rows.  Very  much  fewer  of  the  self-fertilised  than  of 
the  crossed  plants  produced  flowers ;  hut  those  that  did  flower, 
flowered  almost  eimultaiieously.  When  fully  grown  the  ten 
tallest  plants  in  each  row  were  selected  and  measured  to  the 
tips  of  their  highest  leaves,  as  well  as  to  the  summits  of  their 
male  flowers.  The  crossed  averaged  to  the  tips  of  their  leaves 
64  inches  in  height,  and  the  self-fertilised  44 '65,  or  as  100 
to  83;  and  to  the  Bummila  of  their  male  flowers,  G3'96  and 
43-45  inohos;  or  as  100  to  80. 


Fhalabib  oamabiensib. 
Hildebrand  has  shown  in  the  paper  referred  to  under  the 
last  species,  that  this  hermaphrodite  grass  is  better  adapted 
for  cross-fertilisation  than  for  self-fertilisation.  Several  plants 
were  raised  in  the  greenhouse  close  together,  and  their  flowers 
were  mutually  intererosBod.  Pollen  from  a  single  plant  growing 
quite  separately  was  collected  and  placed  on  the  stigmas  of  the 
same  plant.  The  seeds  thus  produced  were  self-fertilised,  for 
they  were  fertilised  with  poUea  from  the  same  p!ant,  but  it  will 
have  been  a  mere  chance  whether  with  pollen  from  the  same 
Sowers.  Both  lots  of  seeds,  after  germinating  on  sand,  were 
i  in  pairs  on  the  opposite  sides  of  four  pots,  which  were 
Q  the  greenhouse.    When  the  plants  were  a  little  over  a 
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foot  in  height  they  were  measured,  nnd  the  crossed  plants 
averaged  13'38,  and  the  self-ferti  lined  1229  inches  in  height; 
or  OB  100  to  92. 

When  in  full  flnwer  they  were  again  measured  to  the  ei- 
tremities  of  their  culms,  as  shown  in  the  following  table; — 


Tablb  XGVni 
r/ialarie  eanarlims 

Ko.ofpot 

Cr^VU^ 

Sdf-IsrtlUKd  FIuM 

L 

IF 

41 1 
451 

n. 

37 
87 

31 
87 
42 
84 

IlL 

S! 

as 

28 
84 

IV. 

87 

35) 
3*1 

Total  [u  inchM. 

428-00 

392 '63 

^^        advar 


The  eleven  crossed  plants  now  averaged  38'9,  and  the  eleven 
self-fertilised  plants  35  69  ineliea  in  height;  or  as  100  to  92. 
which  is  the  same  ratio  as  before.  Differently  to  what  occurred 
with  the  maize,  the  crossed  plants  did  not  flower  before  the  self- 
fertilised;  and  though  both  iote  flowered  very  poorly  from 
having  been  kept  in  pots  in  the  greenhouse,  yet  the  aelf-fertilffied 
plants  produced  twenty-eight  flower-heads,  whilst  the  crossed 
produced  only  twenty ! 

Two  long  rows  of  the  same  seeds  were  sown  out  of  doors,  and 
care  was  taken  that  they  were  sown  in  nearly  eqiial  number ; 
liut  a  far  greater  number  of  the  crossed  than  of  the  self-fertilised 
acods  yielded  plants.  The  self-fertilised  plants  were  in  con- 
iiequence  not  so  much  crowded  as  the  crossed,  and  thus  had  an 
ti^  over  them.  When  in  full  flower,  the  twelve  talleet 
plants  were  carefully  selected  from  both  rows  and  measured, 
u  shown  in  the  following  table : — 
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™„,..„. 

-=,S-^ 

Inches. 
341 

t^ 

35 
35 
36 
38 
38 
3li 

ys 

8* 

InchM. 
35! 

33 
35  J 

'£Si}  429-5 

403-0 

The  twelve  crossed  plants  hero  average  85 -78,  and  the  twelve 
Bfilf-fertiiiaed  33-5  iiichGa  in  height;  or  ae  100  to  93.  In  this 
caae  the  crossed  plants  flowered  rather  before  the  Bclf-fertilised, 
and  thus  diSerod  £rom  those  growing  in  the  pots. 
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Nambet  of  specicB  and  pIuntB  measured — Tables  given — FrelimiDuy 
remarks  {in  tUe  DSaprmg  uf  plants  crosacd  liyafroBb  stock —Tiiirteen 
oaees  speoiiilly  ooniidored — The  effecta  of  ciossiag  a  Belf-fortilisod 
plaut  either  by  BnotUor  SGlf-furtiligod  plant  or  by  on  interaroased  plant 
of  tbe  old  Block — Bvumnary  of  tht  results  — Pre) iminiirr  romorkB  on 
the  oroBsed  and  BelE-fiTtilisod  pktita  of  the  same  sti-ck  -The  Iwcnl j- 
Bii  exoeptional  caees  cooEidored,  in  vrhicb  the  omssed  plants  did  not 
■soecd  greatlj  Id  height  the  self-fertiliBed— Most  of  those  cftsea 
^□wn  not  to  he  real  ezoriitions  to  the  mle  that  orow-fortUieatiaa 
b  beneficial— Bmninary  of  leBults — Belative  weights  of  the  oroeaed 
■nd  seU-fertiliaed  pluilii, 

The  details  which  have  been  given  under  the  bead 
of  each  species  are  so  numerous  and  so  intricate,  that 
it  ia  necessary  to  tabulate  the  results.  In  Table  A,  the 
number  of  plants  of  each  kind  which  were  raised  from 
a  cross  between  two  individuals  of  the  same  stock  aud 
from  self- fertilised  seeds,  together  with  their  mean 
or  average  heights,  are  given.  In  the  right-hand 
column,  the  mean  height  of  the  crossed  to  that  of 
the  self-fertilised  plants,  the  former  being  taken  as 
100,  is  shomi.  To  make  this  clear,  it  may  be  ad- 
visable to  give  an  example.  In  the  first  generation  of 
Ipomoea,  six  plants  derived  from  a  cross  between  two 
plants  were  measured,  and  their  mean  height  is  86-00 
inches ;  six  plants  derived  from  flowers  on  the  same 
parent-plant  fertilised  with  their  own  pollen  were 
measured,   and   their  mean  height  is  65 '66   inches. 
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Prom  this  it  follows,  as  shown  in  the  right-hand 
column,  that  if  the  mean  height  of  the  croaaed  plants 
be  taken  as  100,  thnt  of  the  self-fertilised  plants  is  76. 
The  same  plan  is  followed  with  all  the  other  species. 

The  crossed  and  self-fertilised  plants  were  generally 
grown  in  pots  in  competition  with  one  another,  and 
always  under  as  closely  similar  conditions  as  could 
be  attained.  They  were,  however,  sometimes  grown  in 
separate  rows  in  the  open  ground.  With  several  of 
the  species,  the  crossed  plants  were  again  crossed,  and 
the  self-fertilised  plants  again  self-fertilised,  and  thus 
successive  generations  were  raised  and  measured,  as 
may  be  seen  in  Table  A.  Owing  to  this  manner  of 
proceeding,  the  crossed  pLints  became  in  the  lat-er 
generations  more  or  less  closely  inter-related. 

In  Table  B  the  relative  weights  of  the  crossed  and 
self-fertilised  plants,  after  they  had  flowered  and  had 
been  cut  down,  are  given  in  the  few  cases  in  which 
they  were  ascertained.  The  results  are,  I  think,  more 
striking  and  of  greater  value  as  evidence  of  constitu- 
tional vigour  than  those  deduced  from  the  relative 
heights  of  the  plants. 

The  most  important  table  is  that  of  C,  as  it  includes 
the  relative  heights,  weights,  and  fertility  of  plants 
raised  from  parents  crowed  by  a  fresh  stock  (that  is,  by 
non-related  plants  grown  under  different  conditions), 
or  by  a  distinct  sub-variety,  in  comparison  with  self- 
fertilised  plants,  or  in  a  few  cases  with  plants  of  the 
game  old  stock  intercrossed  during  several  generations. 
The  relative  fertility  of  the  plants  in  this   and   the 

Cbe  more  fully  considered  in  a  future 
I 


J 
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Pollen  frmn  other  Plaiiti  of  the  same  Stock,  and  sdf.feriilised. 
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Table  A — cmilinued. 


Eaehscholtiin    cnlifarDic&— Eugli.'ihy 
stock, '2dJ  genccntiao      .      .      ./ 

EBChscholWia      califnrnica  —  Bra-»    , 
ijliau  stock,  U(  genei-ation  .      ./, 

Ewihschaltzia     califoTnlca  —  Bra-\    , 
lilim  muck,  2od  generation,      ./ 

Eschsolloltliil  caljfornica— Bcerage  | 
height   and   number  of  all  the  |  4 
planbi  of  Escliecholtiia  .      .      .) 

RcMda  lutea— grown  in  pots    .      .2 

EesodB  luWa— jrowB  in  open  ground 

Reseda    odorata  —  self-fcrtilisedll 
aceds  fTom  a  highly  self-fcrtilet    I 
pUnt,  grown  in  pots.      .      .      .   ' 

Reseda    odorata  —  self-fertilised 


■eed>  froi 


highly  self-fsrtile 
ia  opcD  ground     . 

—  naif- fertilised 
1    BBini-sel  f-aterile 

—  self-ferf'-    ' 


«e1f.sterilt 


Adoais  ssti  Talis 
Utlphiniam  consol 
Vitcsria  ocnlata 


caryophyllns — Snd  gen-l 
in  potfl,  crowded  .  ./ 
cBf^ophyllus— 3rd  gen-\ 


Dianthas     caryophylluB— offaprin^ 
from  jiUnta  of  the  3rd  self-ferli- 

Cttion  crossed  by  inler- 
iit»of  ardgtneration, 
rith  plants  of  4th  ..slf- 
snaration.      .      .      . 


242  SUMMARY    OP    MKASUREMENTS. 

Table  A—cinithnted. 


NAMES  OV  PLANTS. 


*3 

11 


LapiDas  pilotna  —  plauti   of   t 

PhoMolns  multlflonu  ,     ,     . 

Piaam  eatlvnm 

StrotlumDas     aooparins 

■eedJlD^ 

tlarothAinniu  euopariiu — the  thra 

BurriTora  on  each  aide  after  three 

yo«r«'  growth 
OaoniB  mluutissi 
Clwkia  elegans  . 


13-25 
22-35 
58-43 
17  ■« 
30-78 


IB'81 
33 '50 
24-62 


25-31 
30-50 
82 -S5 


11-83 
17-37 


^ 


Specolaria  speculum 
Lobelia  rsmnss— 1st 
Lobelia  ramoM— 2d(I 
Lobelia  fulgeru — 1st 


pophila  iDsigmB — the  same  lijDj^ 


Borsgo  offieiaiilia    .      . 

Kolana  proatruta     . 

Petunia  Tiolacaa — lat  gem 

Petunia  vioUces — 2nd  gen 

Petuais  vlolncea — 3rd  gem 

pitnnia  violacea — 4th  gem 
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1 

h 

!i 

ii 

4 

f 

^'^S 

^H         NAKBS  OF  PLANTS. 

il 

il 

II 
1 

tifi 

f 

f 

p 

liil 

from  B  distinct  mteat     .      .      . 

^ 

44-74 

„;...., 

as  100  to   60 

22 

21 

..     .>  ei 

10 

38-27 

10 

23-31 

„       „     l!l 

in  open  groUQi) , 

PotuDiB    Tiolscea  —  Nomlier    and 

BvcmKe  height  of  all  the  plants 

67 

46-53 

67 

33-lB 

..       .>     71 

in  palsof  PatuDlB     .... 

NicotinDa  tabai:um— latgenaratiun 

18-50 

32-7S 

..       ..  178 

Kicotinii.itabacuiii— 2nd  generation 

53-84 

„       „     96 

Nicotiana  tabacnm— 3rd  generation 

7 

95-25 

79-60 

„       „     83 

Nicotiani.  Ubncum— 3rd  generntion' 

70-78 

but  rauwd  from  n  distinct  plant 

.>       ..  101 

NitotiaDi  (jibRcnm— nnmber   nnd 

avorage  height  of  all  the  plants 

27 

63-73 

37 

61-31 

M       .>     9« 

ofNicotiana 

Cyclamen  perBi«nni 

S 

8-4B 

8? 

7-50 

..       .>     79 

Anagallis  collina 

43-20 

6 

33-35 

7.       ..     69 

■peciea _.      ., 

phic  speciea , 

8 

B-01 

g 

9-03 

n       ..  too 

15 

38-06 

15 

26-13 

..       „     69 

Beta  lulgaiis— in  pots.      .      .      . 

29  HI 

..       „     87 

fietSTutgarla — in  open  ground 

30-92 

a 

.,       „     99 

34 

35-98 

34 

36-33 

..       «  101 

Zea  mays — in  pots,  whilst  young, 
moMured  to  tips  of  leaves    .      ., 

Zea  mnyi — when  full  grown,  after 
the  death  of  soma,  measured  to 

15 

20-19 

15 

17-57 

„       „     il 

6S-10 

63-34 

»    »  at 

tipjofieares 

Zea  mays— when  full  grown,  after 

the  death  of  some,  measured  to 

68-51 

SI '59 

n       R     93 

Mpa  of  flowers 

Zea  mays — grown  in  open  ground, 
measured  to  tips  of  leaves     ,      . 

10 

54-00 

10 

44-55 

»       »    83 

Zea  mays— grown  in  open  gronnd, 
measured  to  tips  of  flowers  .      ,  / 

63 -96 

43-45 

..       ..     80 

Phalarit  canarionsis— in  pots    ,      . 

n 

38-90 

35-69 

>.       .<     S3 

13 

33-78 

13 

33-50 

,.       >.     93 
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Table  B. — Relative  Weights  of  Plamisfrom  Parents  crossed  with 
Pollen/rom  distinct  Plants  of  the  same  Stocky  and  Self-fertilised, 


NAMES  OF  PLANTS. 


Number  |  Number 
ofCroiaed    ofSelf- 


Ipomoea  purpurea — plants  of  the  lOth^ 
generation \ 

Vandellia  nummularifolia — Ist  genera-\ 
tion' 

Brassica  oleracea — Ist  generation   . 

Eschscholtzia  californica — plants  of  the 
2nd  generation 

Reseda  lutea — Ist  generation,  grown  in 
pots 

Reseda  lutea — 1st  generation,  grown  in 
open  ground 

Reseda  odorata — 1st  generation,  de- 
scended from  a  highly  self-fertile 
plant,  grown  in  pots 

Reseda  odorata — Ist  generation,  de- 
scended from  a  semi-self-sterile  plant, 
grown  in  pots 

Dianthus  caryophyllus— plants  of  the 
3rd  generation 

Petunia  violacea — plants  of  the  5th 
generation,  in  pots 

Petunia  violacea — plants  of  the  5th 
generation,  in  open  ground     . 


4 


Plants. 


6 

41 

9 

19 

24 

8 

19 

20 

8 
22 
10 


fertilised 
Plants. 


6 

41 

9 

19 

24 

8 

19 

20 

8 
21 
10 


Weight  of  tbe 

Crossed  Plants 

taken  as  100. 


as  100  to  44 


n 


»i 


97 


H    37 
,,118 

21 


n 


n       n 


»>       »> 


40 


67 


» 


n 


w 


„    99 

„    49 
22 


» 


>i 


36 
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TABtE  0.—Ilefntive  Heights,  Weighli,  and  Fcrtilily  of  I'lanti  from 
Parenti  <^viKd  hy  a  freih  Stock,  and  frt'Tn  Parenti  Ht/ier  stjf- 
ftrtQifd  or  iiUercrossed  with  Plants  of  the  same  Stock. 


pluitx  of  the  lOtb  intfrcrossel 

Jpnmte*  purpnrea  — offspriDg  ofli 
plnDt.1  iateicrosaed  for  nine  gen-| 
eralioDs  sud  then  crossnd  by  aj. 
fTwh  itock,  oorapsrod  wlthf 
plant!  of  the  IDth  iatercrosBedj 
generation,  in  ftrlililj   .      . 


atock,  campBied  with  plun 
the  Sth  !i«lF-fertiliaed  geneii 
in  fsrtility     .... 


tioni  nml  then  croued  by  a  fiesb 
itock,  coiDpared  with  the  off- 
■prlDg  of  a  pl>mt  BElf-fertiliaeii 
for  Bight  gBBcrations,  and  than 


BUMMARY    OF    MEASUREMENTS, 
Table  C—ciint''ii"e-i. 


HAMM  OV  PLANTS  AND  NATOBB 
OF  THE  EXPERIMENTS. 

1 

p 

1 

1 

it 
1 

^1 

i 

1 

1 

i 

III 
111 
III 

iih 

Mimnliw  loleii-— affsprlngnf  plunt. 
Mlf-ftrtilised    for  eight  geiKira- 
tioM  und  Ihen  croHieJ  liy  a  fre«h 
.toBk,   comparrf   with    the   off- 
ipiJDg  of  8  plant  ie1f-fertili»eJ 
for  eight  gcoeratioDB,  and  then 
intercrossed  with   aaother  seU- 
feitilieed  plant  of  the  aaine  gen. 
eration,  in  fertility    .... 

Brauica    oUracea  —  oflipring     of 
plants  eeir-fertilised  for  two  gen- 
erations and  then  crossed  by  a 
fresh     Block,    compared    with 
plants  of  the  3rd  self-lertilised 
generation,  by  weight     .      .      . 

English      rariety     crowed      by 
slightly    diffeifnt   Algerine    va- 
riety,  compared    with    the  self- 
fertiliied  offspring  of  the  English 
™'"<J 

CngUeh    Tsriety,    cioesed     by 
slightly        different        Algerine 
TBriety,  compared  with  the  self- 
fertilised  offspringof  the  English 
TsrJety,  In  fertility   .      .      .      . 

of  a  Brazilian  atook  croaseu  by 
an  English  stock,  comparxi  v'.tii 
plants  of  the  Brazilian  stock  of 
the  2nd  self-fertilised  generation 

of  a  Brazilian  itock  cr«>Hd  by 

plants  of  the  Brazilian  mock  of 
(he  2nd  self-fertilised  genuriUpL, 

30 
19 

17-3* 

45 -as 

9 

29 

19 

15-51 

50-30 

as  100  to     4 

n       «     ^ 

™       »     ?5 
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of  a   Brni 
■B  EnglL.l 


of  the  Braiillui  St 


plants  of  the  BralllioD  etc 
Id  beight 

bchschal  t2ia  c&]  ifornf  ca — ofiapring 
of  a  Brazilian  stock  crossad  hf 
ID  English  slock,  compared       "' 
plants  of  iha  Biniiiian  stoi 
the  2nd  iotercrosied  genere 
in  weight       .... 

B«h>chalttia  californica — ofTtpring 

as  Engtiah  stock,  compared  v 
plaoU  of  the  Brazilian  etocl 
the  and  Intercrossed  general 
infertility 

Dianlbn*    caryophyllos — offspi 
of  plants  aelf-fertiliied  for  tt 
gepprationa  and  then  crossed  by 
a    fresh    stock,   compared    with 
plants  of  the  1th  self-fertilised 


of  plants 

gtlerationt  sna  inoa  cTosse 
B   fresh    stock,  compared 
planU  of  the  4th  eelf-ferti 
genention.  In  fertility    . 


PI 

III 
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lianthus  cnryophyllus — offspring 
gf  pUiiW  eel f- fertilised  for  throe 
generotiona  aad  tben  cruis  '  ' 


Dun  thus  caryopli;lla> — oSapiiag 
of  plnatB  Belf-fertUi»ed  for  three 
gsneratlona  sad  th^D  croased  bf 

B  &e9h  ttock,  compared  with  the 

DOspring  of  plants  Hlf-fertilisod 
for  three  generationa  an<l  then 
cioesed  by  plnnta  of  the  9id 
IctarcroHsed  generation,  in  fer- 
tility   


Pi»uca  satWum— offupring  from  al 
croM  between  two  closely  allied 
varietlct,  compared  with  the  aelf-l  I 
fertilised  oifepring  of  one  of  the[|  ' 
Tarieties,  or  with  iatcrcrossed 
plauti  of  the  Biinie  stock      .     J 

Liithjriu  odoratus — offspring  from 
two  7ariBtiea,  differing  only  in 
ooiour  of  their  flowers,  compared 
with  the  aelf-fertiiised  offitpiing 


I^thyms  odoratns — offupring  fr 
two  varieties,  dilfering  only 
colonr  of  their  flowers,  coiapn 
with  tho  self-fertilised  oDapring 
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PeWnln     yiolacea  —  offspring      o( 
pUiots    Mlf-fertiliMd    for     foni 
generations  and  then  crossed  by 
a   fresh   itook,   commred    witk 
planla  of  the  Sth  self-fectilised 

Petania      TJokcea— offspring      of 
])lants     self-fertilised    for    foui 
geuerBtiocs  nod  then  crossed  bv 
a   IVe£h   Etock,   compareil    with 
pUuts  of  the  5th  self-fertilised 

geMrntico,  in  weight     .     .     . 

Petunia      TiolHcea  —  ofispring     of 
plants     self-fertilised    for    four 
generationg  sad  then  crossed  bj 
a    fresh   stock,    compared    with 
plants  of  the  5tli  self-Fertilised 

in  height 

Pfllonia     liolaCGB  —  ofi'sprine     of 
plants    self-fertilised    for     fonr 

a    fresh    stock,  compared    vith 
plants  uf  the  5th   ulf-fertlliscd 
gBnemlioD.growninopeogroiiLd, 

i"  weight 

Petunia     rtolaoea  —  offepriog     oR 

generations  and  then  croBsett  bj 
■   fl'esh    stock,   compared   with 
plants  of  the  5th  self-ferliliaed 

infertilitj 

Petunia     violacea  —  oifflpHng     of 
plants     self-fertilided    for    four 
generations  and  Chen  crossed  b^ 
a    fresh    stock,    comjiared    with 
plants   of  the    5lh   intercrossed 
leneratlon^  in  height      .      .      . 
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Petunia     yinlncea  —  offspring     of 
pUDU     self-fertiliMd    for    ~ 
gODeratiana  and  then  croBw 
a   freih   atock,    compared 
pUnta   of  tKe   5th  Intern 
genuBtloD,  in  weight 


rfr™h"'! 


i^eiBht. 


riolacea  —  DffBpring    of 
•elf-fertiliiod    for    fonr 

a  fresh  stock,  compared  with 
plants  of  the  5th  intercroased 
generation,  grown  in  open  ground, 
in  fertility     .... 

Blcotlans  tabacnm — offspring  of 
plants  self-fertilised  for  three 
Ecnerationi  aod  then  crossed  by 
a  (lightly  different  rariety,  com- 
pared with  plants  of  the  4th 
i«]f- fertilised  generation,  grown 
not  mnch  crowded  in  pota,  in 
height 
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Nlcntiaas  tainEnoi— oiTs; 
plnnta  Belf-fertilised  fn 
generntioDs  nud  thea  urosaed  b; 
a  slightly  different  Tariety,  com- 
pnred  with  plnnta  of  the  4th 
self-fertiliBed  geofri 


leight 


Nieotiana  tabacum — o^prlng  of 
plantB  Bclf-feitill&ed  fur  Ihrce 
gansratious  and  then  cmssed  bj 
a  slightly  different  vniieU,  com- 
IKtred  with  plants  uf  the  4th 
self-fertilised  generation,  grown 
Tnucli  crowded  in  potEi,  in  weight 


a  aligbtl;  difl'erent  rarictf ,  com- 
parad  with  planta  of  the  4tb 
■elf-fertiliaed  generation,  grown 


a  slightly  differeat  variety,  ( 
pared  with  plants  of  the 
lelr-fartiliHsl  generation,  gr 
in  open  ground,  in  weight    . 
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AnBgallis  eollina — ofliipring  from  s 
rod  THrietj  crosaed    by   a   blue 
variety,  compared  with  the  solf- 
ftrtilLaod   offspriag  of    tho    red 
Tnriaty,  io  fertilily   .... 

PiifflulaTeria— oSiprlnglVomloiig- 
styled  plant!  of  thu  3rd  illegiti- 

fWih     stock,    Gomuared     with 
pisDU  of  tho  4th   illegitimate 

PrimnlBTBris— offtpriof  from  long- 
Btyled  plantB  of  the  '^id  illegiti- 
mate  genemtian,  crosseil    by    a 
freah     stnuk,    compared     with 

fertility 

PrimnU  veria— oflipriDg  tram  long- 
■tyleil  planta  of  the  3rd  illegiti- 
mate  generation,  crossed   by   a 
f^'eah     .lock,     compared      with 

ftrtilitj  in  foUowing  ya»r    .      . 
Primula  reria   (equal-styled,   red- 

planta    self-fertiliicd     for     two 
generations  sod  than  crossed  by  ■ 
different  variety,  compared  with 
planta  of  the  3rd  aeif-fertilised 

generation 

Prlmala  veria   (equal-jtyled,  red- 
flowered  variety) — olRpring  from 
plant*     self-fertilised    for    two 

pUats  of  the  3rd  self-fertili«e.i 
geaeration,  in  fertility    .      .      . 
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In  theae  three  tables  the  measurements  of  fifty-seven 
species,  belonging  to  fifty-two  genera  and  to  tbirty 
great  natural  families,  are  given.  The  species  are 
natives  of  variuus  parts  of  the  world.  Tbe  number 
of  crossed  plants,  including  those  derived  from  a  cross 
between  plants  of  the  same  stock  and  of  two  different 
stocks,  amounts  to  1,101 ;  and  the  number  of  self-fer- 
tilised plants  (including  a  few  in  Table  C  derived 
from  a  cross  between  plants  of  the  sauje  old  stock) 
is  1,076.  Their  growth  was  observed  from  the  germi- 
nation of  the  seeds  to  maturity;  and  most  of  them 
were  measured  twice  and  some  thrice.  The  various 
precautions  taken  to  prevent  either  lot  being  unduly 
favoured,  have  been  described  in  the  introductory 
chapter.  Bearing  all  these  circumstaneea  in  mind,  it 
may  be  admitted  that  we  have  a  fair  basis  for  judging 
of  the  comparative  effects  of  cross-fertilisation  and  of 
self-fertilisation  on  the  growth  of  the  offspring. 

It  will  be  the  most  convenient  plan  first  to  consider 
the  results  given  in  Table  C,  as  an  opportunity  will  thus 
be  afforded  of  incidentally  discussing  some  important 
points.*  If  the  reader  will  look  down  the  right-hand 
column  of  this  table,  he  will  see  at  a  glance  what  an 
extraordinary  advantage  in  height,  weight,  and  fer- 
tility the  plants  derived  from  a  cross  with  a  fresh  stock 
or  with  another  sub-variety  have  over  the  self-fertilised 
plants,  as  well  as  over  the  intercrossed  plants  of  the 
same  old  stock.  There  are  only  two  exceptions  to  this 
rule,  and  these  are  hardly  real  ones.  In  the  case  of 
Escbscboltzia,  the  advantage  is  confined  to  fertility. 
In  that  of  Petunia,  though  the  plants  derived  from  a 
cross  with  a  fresb'stock  had  an  immense  superiority  in 
height,  weight,  and  fertility  over  the  self-fertilised. 
plants,  they  were  conquered  by  the  intercrossed  plants 
of  the  same  old  stock  in  height  and  weight,  but 
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KicntUna  tabacum — afTapring  c 
plnnU  aelf-fertiJiud  for  thn 
^DcraUons  and  than  crossed  b 
a  slighttf  iliBerent  variety,  con 
pared  with  planta  of  the  41 
■elf-fertilised  generation,  grow 

ricotlBna    tHbactun — ofTspriog    i 

itB    nlf-rertlllsed    fur    tlin 

leratioDB  and  theo  crnsMd  I 

alightlj  different  Tirietj,  can 

ith   plants  uf  the  41 
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mncL  crowded  in  pots,  in  weight 


Nicoliana  tabacnm— offspring  i 
plant!  self-fertilised  for  thrr 
generations  nnd  then  croiieed  bj  I 
a  sUghtlf  different  variety,  ci 
pered  with  plants  of  ^e 
ulf-fertilited  genemtion,  grr 
la  open  ground.  In  height    . 
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pUnts  Bcir-fertilimd  for  tl 
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>w«d  with  |>lant<  of  tho  4th 
Nif-fertilibed  generation,  grc 
to  npuD  ground,  in  weight    . 
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with  Tarious  surrounding  species.  The  seeds  sown  at 
the  same  time  inagarden  have  generally  been  matured 
during  the  same  season  and  in  the  same  place ;  and  in 
this  respect  they  differ  much  from  the  seeds  sown  by 
the  hand  of  nature.  Some  exotic  phtnts  are  not 
frequented  by  the  native  insects  in  their  new  home, 
and  therefore  are  not  intercrossed ;  and  this  appeal's 
to  be  a  highly  important  factor  in  the  individuals 
acquiring  uniformity  of  constitution. 

In  my  experiments  the  greatest  care  was  taken  that 
in  each  generation  all  the  crossed  and  self-fertilised 
plants  should  be  subjected  to  the  same  conditions. 
Not  that  the  conditions  were  ab-solutely  the  same,  for 
the  more  vigorous  individuals  will  have  robbed  the 
weaker  ones  of  nutriment,  and  likewise  of  water  when 
the  soil  in  the  pots  was  becoming  dry ;  and  both  lots 
at  one  end  of  the  pot  will  have  received  a  little  more 
light  than  those  at  the  other  end.  In  the  successive 
generations,  the  plants  were  subjected  to  somewhat 
different  conditions,  for  the  seasons  necessarily  varied, 
and  they  were  sometimes  raised  at  different  periods  of 
the  year.  But  as  they  were  all  kept  under  glass,  they 
were  exposed  to  far  less  abrupt  and  great  changes  of 
temperature  and  moisture  than  are  plants  growing  out 
of  doors.  With  respect  to  the  intercrossed  plants,  their 
first  parents,  which  were  not  related,  would  almost 
certainly  have  differed  somewhat  in  constitution ;  and 
such  constitutional  peculiarities  would  be  varionsly 
mingled  in  each  succeeding  intercrossed  generation, 
being  sometimes  augmented,  but  more  commonly 
neutralised  in  a  greater  or  less  degree,  and  sometimes 
revived  through  reversion ;  just  as  we  know  to  be  the 
case  with  the  external  characters  of  crossed  species  and 
varieties.  With  the  plants  which  were  self-fertilised 
during  the  successive  generations,  this  latter  important 
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source  of  some  diversity  of  constitution  will  have  beeu 
wholly  eliminated ;  and  the  sexual  elements  produced 
by  the  same  flower  must  have  been  developed  under  as 
nearly  the  sftme  conditions  as  it  is  possible  to  conceive. 

In  Table  C  the  crossed  plants  are  the  offspring  of  a 
cross  with  a  fresh  stock,  or  with  a  distinct  variety;  and 
they  were  put  into  competition  either  with  self-fertilised 
plants,  or  with  intercrossed  plants  of  the  same  old  stock. 
By  the  term  fresh  stock  I  mean  a  non-related  plaut, 
the  progenitors  of  which  have  been  raised  during  some 
generations  in  another  garden,  and  have  consequently 
been  exposed  to  somewhat  different  conditions.  In  the 
case  of  Nicotiana,  Iberis,  the  red  variety  of  Primula,  the 
common  Pea,  and  perhaps  Anagallis,  the  plants  which 
were  crossed  may  be  ranked  as  distinct  varieties  or 
Bub-varieties  of  the  same  species ;  but  with  Ipomoea, 
Mimulus,  Dianthus,  and  Petunia,  the  plants  which 
were  crossed  differed  exclusively  in  the  tint  of  their 
flowers ;  and  as  a  large  proportion  of  the  plants  raised 
from  the  same  lot  of  purchased  seeds  thus  varied,  the 
differences  may  be  estimated  as  merely  individual. 
Having  made  these  preliminary  remarks,  we  will  now 
consider  in  detail  the  several  cases  given  in  Table  C, 
and  they  are  well  worthy  of  full  consideration. 

(1.)  Iponuea  purpurea. — Plants  growing  in  the  same 
pots,  and  subjected  in  each  generation  to  the  same 
conditions,  were  intercrossed  for  nine  consecutive 
generations.  These  intercrossed  plants  thus  became  in 
the  later  generations  more  or  less  closely  inter-related. 
Flowers  on  the  plants  of  the  ninth  intercrossed  genera- 
tion were  fertilised  with  pollen  taken  from  a  fresh 
stock,  and  seedlings  thus  raised.  Other  flowers  on  the 
same  intercrossed  plants  were  fertilised  with  pollen 
from  another  intercrossed  plant,  producing  seedlings  of 
the  tenth  intercrossed  generation.     These  two  sets  ol  I 
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seedlings  were  growu  in  competition  with  one  anotiier, 
and  (liflered  greatly  in  height  and  fertility.  For  the 
offspring  from  tlio  cross  with  a  fresh  stock  exceeded  in 
height  the  intercrossed  plants  in  the  ratio  of  100  to  78 ; 
and  this  is  nearly  the  same  esceaa  which  the  inter- 
crossed had  over  the  self-l'ertilised  plants  in  all  t«n 
generations  taken  together,  namely,  aa  100  to  77,  The 
plants  raised  from  the  cross  with  a  fresh  stock  were 
also  greatly  superitir  in  fertility  to  the  intercrossed, 
namely,  in  the  ratio  of  100  to  51,  as  judged  by  the 
relative  weight  of  the  seed-capsules  produced  by  an 
equal  number  of  plants  of  the  two  sets,  both  having 
been  left  to  be  naturally  fertilised.  It  should  be 
especially  observed  that  none  of  the  plants  of  either  lot 
were  the  product  of  self-fertilisation.  On  the  contrary, 
the  intercrossed  plants  had  certainly  been  crossed  for  the 
last  ten  genemtions,  and  probably,  during  all  previous 
generations,  as  we  may  infer  from  the  structure  of  the 
flowers  and  from  the  frequency  of  the  visits  of  humble- 
bees.  And  so  it  will  have  been  with  the  parent-plants 
of  the  fresh  stock.  The  whole  great  difference  in  height 
and  fertility  between  the  two  lots  must  be  attributed  to 
the  one  being  the  product  of  a  cross  with  pollen  from  a 
fresh  stock,  and  the  other  of  a  cross  between  plants  of 
the  same  old  stock. 

This  species  offers  another  interesting  case.  In  the 
five  first  generations  in  which  intercrossed  and  self- 
fertilised  plants  were  put  into  competition  with  one 
another,  every  single  intercrossed  plant  beat  its  self- 
fertilised  antagonist,  except  in  one  instance,  in  which 
they  were  equal  in  height.  But  in  the  sixth  gene- 
ration a  plant  appeared,  named  by  me  the  Hero,  re- 
markable for  ita  tallness  and  increased  sell-fertility, 
and  which  transmitted  its  characters  to  the  next  three 
generations.     The  children  of  Hero  were  again  self- 
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fertilised,  forming  the  eighth  aelf-fertilised  generation, 
and  were  likewise  intercrossed  one  with  another ;  but 
this  cross  between  plants  which  had  been  subjected 
to  tlie  same  couditious  and  had  been  sclf-fertiliaed 
during  the  seven  previous  generations,  did  not  effect 
the  least  good ;  for  the  intercrossed  grandchildren  were 
actually  shorter  than  the  selt-fertilised  grandchihlien, 
in  the  ratio  of  100  to  107.  We  here  see  that  the 
mere  act  of  crossing  two  distinct  plants  does  nut  by 
itself  benefit  the  ofi'apring.  This  case  is  almost  the 
i-unverae  of  that  in  the  last  paragraph,  in  which  the 
offspring  profited  so  greatly  by  a  cross  with  a  fresh 
stock.  A  similar  trial  was  made  with  the  descendant* 
of  Hero  in  the  following  generation,  and  with  the  same 
result.  But  the  trial  cannot  be  fully  trusted,  owing 
to  the  extremely  unhealthy  condition  of  the  planl«. 
Subject  to  this  same  serious  cause  of  doubt,  even  a 
cross  with  a  fresh  stock  did  not  benefit  the  great- 
grandchildren of  Hero ;  and  if  this  were  really  the  case, 
it  ia  the  greatest  anomaly  observed  by  me  in  all  my 
experiments. 

(J.)  MtmuluB  luteus. — During  the  three  first  genera- 
tions the  intercrossed  plants  taken  together  exceeded 
in  height  the  self-fertilised  taken  together,  in  the  ratio 
of  100  to  65,  and  in  fertility  in  a  still  higher  degree. 
In  the  fourth  generation  a  new  variety,  which  grew 
taller  and  had  whiter  and  larger  flowers  than  the  old 
varieties,  began  to  prevail,  especially  amongst  the  self- 
fertilised  plants.  This  variety  transmitted  its  characters 
with  remarkable  fidelity,  so  that  all  the  plants  in  the 
later  self-fertilised  generations  belonged  to  it.  These 
consequently  exceeded  the  intercrossed  plants  consider- 
ably in  height.  Thus  in  the  seventh  generation  the 
intercrossed  plants  were  to  the  self-fertilised  in  height 
w  100  to  137.    it  is  a  more  remarkable  fact  that  the 
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self-fertilised  plants  of  the  sixth  generation  hafl  become 
much  more  fertilt-  than  the  intorcrossed  plunts,  judging 
by  the  number  of  ottpaules  spontaneously  produced,  in 
the  ratio  of  147  to  100.  This  variety,  which  ox  we 
have  seen  appeared  amongst  the  plants  of  the  fourth 
self-fertilised  generation,  resembles  in  almost  all  its 
constitutional  peculiarities  the  variety  called  Hero 
which  appeared  in  the  sixth  self- fertilised  generation 
of  Ipomoea.  No  other  such  case,  with  the  partial  ex- 
ception of  that  of  Nicotians,  occurred  in  my  experi- 
ments, carried  on  during:  eleven  years. 

Two  plants  of  this  variety  of  Mimulue,  belonging  to 
the  sixth  self-fertilised  generation,  and  growing  in 
separate  pots,  were  intei'crossed ;  and  some  flowers  on 
the  same  plants  were  again  self-fertilised.  From  the 
seeds  thus  obtained,  plants  derived  from  a  cross 
between  the  self-fertilised  plants,  and  others  of  the 
seventh  self-fertilised  generation,  were  raised.  But 
this  cross  did  not  do  the  least  good,  the  intercrossed 
plants  being  inferior  in  height  to  the  self-fertilised,  in 
the  ratio  of  100  to  110.  This  case  is  exactly  parallel 
with  that  given  under  Ipomcca,  of  the  grandchildren 
of  Hero,  and  apparently  of  its  great-grandchildren ; 
for  the  seedlings  raised  by  intercrossing  these  plants 
were  not  in  any  way  superior  to  those  of  the  cor- 
responding generation  raised  from  the  self-fertilised 
flowers.  Therefore  in  these  several  cases  the  crossing 
of  plants,  which  had  been  self-fertilised  for  several 
generations  and  which  had  been  cultivated  all  the 
time  under  as  nearly  as  possible  the  same  conditions, 
was  not  in  the  least  beneficial. 

Another  experiment  was  now  tried.  Firstly,  plants 
of  the  eighth  self -fertilised  generation  were  again 
self  fertilised,  producing  plants  of  the  ninth  self- 
fertiJjsed  generation.    Secondly,  two  of  the  plants  of  the 
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eighth  self-fertilised  generation  were  intercrossed  one 
with  another,  as  in  the  experimeut  ahove  referred  to; 
hut  this  was  now  effected  on  plants  which  had  been 
aubJDcted    to    two    additional    gentirationa  of    aolf-fer-  i 

tilisation.     Thirdly,  the  same  plants  of  the  eighth  self-  U 

fertilised  generation  were  crossed  with  pollen  from 
plants  of  a  fresh  stock  brought  from  a  distant  garden.  1 

Numerous  plants  were  raised  from  these  three  seta  of  I 

seeds,  and  grown   in   competition  with   one   another. 
The  plants  derived  from  a  cross  between  the  self-fer- 
tilised plants  exceeded  in  height  by  a  little  the  self-  J 
fertilised,  viz.,  as  100  to  92 ;  and  in  fertility  in  a  greater  | 
degree,  viz.,  as  100  to  73.     I  do  not  know  whether  ' 
this  difference  in  the  result,  compared  with  that  in  the 
previous  case,  can  be  accounted  for  by  the  increased 
deterioration   of  the  self-fertilised   plants    from    two 
additional   generations    of  self-fertilisation,   and    the 
consequent  advantage  of  any  cross  whatever,  although 
merely  between  the  self-fertilised  plants.    But  however 
this  may  be,  the  effects  of  crossing  the  self-fertilised 
plants  of  the  eighth  generation  with  a  fresh  st-ock  were 
extremely  striking ;  for  the  seedlings  thus  raised  were 
to  the  self-fertilised  of  the  ninth  generation  as  100  to 
52  in  height,  and  as  100  to  3  in  fertility  !     They  were 
also  to  the  intercrossed  plants  (derived  from  crossing 
two  of  the  sell'- fertilised  plants  of  the  eighth  generation)  ! 
iu  height  as  100  to  56,  and  in  fertility  as  100  to  4.  ' 
Bettor  evidence  could  hardly  be  desired  of  the  potent 
influence  of  a  cross  with  a  fresh  stock  on  plants  which 
had  been  self-fertilised  for  eight  generations,  and  had 
been   cultivated  all   the   time  under  nearly  uniform 
conditions,  in   comparison    with   plants   soli-fertilised 
for  nine  generations  continuously,  or  then  once  inter- 

t"">SBed,  namely  in  the  last  generation.  i 

[3,)    Brassica  oleraem. — Some   flowers   on   cabbage        M 
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plants  of  tlie  second  sclf-fortilised  generation  were 
ei'oased  with  pollen  from  a  plant  of  the  sjime  variety 
bronght  from  a  distant  garden,  and  other  flowera  were 
again  self-fertilised.  Plants  derived  from  a  cross  with 
a  fresh  stock  and  plants  of  the  third  aelf-fertilifled 
generation  were  thns  raised.  The  former  were  to 
the  self -fertilised  in  weight  as  100  to  22;  and  this 
enormoTis  difference  must  be  attributed  in  part  to 
the  beneficial  effects  of  a  cross  with  a  fresh  stock, 
and  in  part  to  the  deteriorating  effects  of  Helf-fertilisa- 
tion  continned  during  three  generations. 

(4.)  Jberis  unibellata.  ~  Seedlinge  from  a  crimson 
English  variety  crossed  by  a  pale-coloured  variety 
which  had  been  grown  for  some  generations  in  Algiers, 
were  tfl  the  self-fertilised  seedlings  from  the  crimson 
variety  in  height  as  100  to  89,  and  as  100  to  75  in 
fertility.  I  am  surprised  that  this  cross  with  another 
variety  did  not  produce  a  atill  moro  strongly  marked 
beneficial  effect ;  for  some  intercrossed  plants  of  the 
crimson  English  variety,  put  into  competition  with 
plants  of  the  some  variety  self-fertilised  during  three 
generations,  wore  in  height  as  100  to  86,  and  in 
fertility  as  100  to  75.  The  slightly  greater  difference 
in  height  in  this  latter  case,  may  possibly  be  attributed 
to  the  deteriorating  effects  of  self-fertilisation  carried 
on  for  two  additional  generations. 

(5.)  Eschscholhta  califomiea. — This  plant  offers  an 
almost  unique  case,  inasmuch  as  the  good  effects  of 
a  cross  are  confined  to  the  reproductive  system. 
Intercrossed  and  self-fertilised  plants  of  the  English 
stock  did  not  differ  in  height  (nor  in  weight,  as  far  as 
was  ascertained,)  in  any  constant  manner ;  the  self- 
fertilised  plants  usually  having  the  advantage.  So  it 
was  with  the  offspring  of  plants  of  the  Brazilian  stock, 
tried  in  the  same  manner.   The  parent-plants,  however, 
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of  the  English  stotik  produced  many  more  Beeds  when 
fertilised  with  pollen  from  another  plant  than  when 
Belf-fertilised ;  and  in  Brazil  the  parent-plants  were 
absolutely  sterile  unless  they  were  fertilised  with 
pollen  from  another  plant  Intercrossed  seedlings, 
raised  in  England  from  the  Brazilian  stock,  compared 
with  self-fertilised  seedlings  of  the  corresponding  second 
generation,  yielded  seeds  in  number  as  lUO  to  89 ;  both 
lots  of  plants  being  left  freely  exposed  to  the  visits  of 
insects.  If  we  now  turn  to  the  effects  of  crossing 
plants  of  the  Brazilian  stock  with  pollen  from  the 
English  stock.^so  that  plants  which  had  been  long 
exposed  to  very  different  conditions  were  intercrossed, 
— we  find  that  the  offspring  were,  as  before,  inferior  in 
height  and  weight  to  the  plants  of  the  Brazilian  stock 
after  two  generations  of  self-fertilisation,  but  were 
superior  to  them  in  the  most  marked  manner  in  the 
number  of  seeds  produced,  namely,  as  100  to  40 ;  Loth 
lots  of  plants  being  left  freely  exposed  to  the  visite  of 
insects. 

In  the  ease  of  Ipomcea,  we  have  seen  that  the 
plants  derived  from  a  cross  with  a  fresh  stock  were 
superior  in  height  as  100  to  78,  and  in  fertQity  as  100 
to  51,  to  the  plants  of  the  old  stock,  although  these 
had  been  intercrossed  during  the  last  ten  generations. 
With  Eschscholtzia  we  have  a  nearly  parallel  case, 
but  only  as  far  as  fertility  is  concerned,  for  the  plants 
derived  from  a  cross  with  a  fresh  stock  were  superior 
in  fertility  in  the  ratio  of  100  to  45  to  the  Brazilian 
plants,  which  had  been  artificially  intercrossed  in 
England  for  the  two  last  generations,  and  whicli  must 
have  been  naturally  intercrossed  by  insects  during  all 
previous  generations  in  Brazil,  where  otherwise  they 
^^M  quite  sterile.  A 

^^h{6.)    Dianthus    earyopkijllus.^Pl&iits    self-fertilised  J 
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for  tliTL'u  genemtiuns  were  crossed  witli  pollen  from  a 
fresh  stock,  and  their  offspring  wore  grown  in  compe- 
tition with  plants  of  the  fourth  self-fertilised  genera- 
tion. The  crossed  plants  thus  obtained  were  to  the 
self-fertilised  in  height  as  100  to  81,  and  in  fertility 
(both  lots  being  loft  to  he  naturally  fertilised  by 
insects)  as  100  to  33. 

These  same  crossed  plants  were  also  to  the  oS- 
spring  from  the  plants  of  the  third  self-fertilised  gene- 
tatioQ  crossed  by  the  intercrossed  plants  of  the  cor- 
responding generation,  in  height  as  100  to  85,  and  in 
fertility  as  100  to  45. 

We  thus  see  what  ft  great  advantage  the  offspring 
from  a  cross  with  a  fresh  stock  had,  not  only  over  the 
Belf-fertilised  plants  of  the  fourth  generation,  but 
oyer  the  offspring  from  the  self-t'ettilisGd  plants  of  the 
third  generation,  when  crossed  by  the  intercroseed 
plants  of  tlie  old  stock. 

(7.)  Pisum  sativum.— It  has  been  shown  under  the 
head  of  this  species,  that  the  several  varieties  in  this 
country  almost  invariably  fertilise  themselves,  owing 
to  insects  rarely  visiting  the  flowers;  and  as  the 
plants  have  been  long  cultivated  under  nearly  similar 
conditions,  we  can  understand  why  a  ci-oss  between 
two  individuals  of  the  same  variety  does  not  do  the 
least  good  to  the  offspring  either  in  height  or  fertility. 
This  case  is  almost  exactly  parallel  with  that  of 
MimuluH,  or  that  of  the  Ipomoaii  named  Hero ;  for 
in  these  two  instances,  crossing  plants  which  had  been 
self-fertilised  for  seven  generations  did  not  at  all 
benefit  the  offspring.  On  the  other  hand,  a  cross 
between  two  varieties  of  the  pea  causes  a  marked 
superiority  in  the  growth  and  vigour  of  the  offspring, 
over  the  self-fertilised  plants  of  the  same  varieties, 
as  shown  by  two  excellent  observers.     From  my  own 


observations  (not  made  with  great  care)  the  offspring 
from  crossed  varieties  were  to  self-fertilised  plants  in 
height,  in  one  caaia  na  100  to  about  7a,  and  in  a  second 
case  as  100  to  60. 

(8.)  Lathyrus  odoraius. — The  sweet-pea  is  in  the 
same  state  in  regard  to  self-fertilisation  as  the  common 
pea;  and  we  have  seen  that  seedlings  fi-om  a  cross 
between  two  varieties,  which  differed  in  no  respect  ex- 
cept in  the  colour  of  their  flowers,  were  to  the  self-ferti- 
lised seedlings  from  the  same  mother-plant  in  height  aa 
100  to  80 ;  and  in  the  second  generation  as  100  to  88. 
Unfortunately  I  did  not  ascertain  whether  crossing 
two  plants  of  the  same  variety  failed  to  produce  any 
i>eneficial  effect,  but  I  venture  to  predict  such  would 
be  the  I'esult. 

(9.)  Petunia  violaeea. — ^The  intercrossed  plants  of 
the  same  stock  in  four  out  of  the  live  successive  gene- 
rations plainly  exceeded  in  height  the  self-fertiliaed 
pUnts.  The  latter  in  the  fourth  generation  were 
crossed  by  a  fresh  stock,  and  the  seedlings  thus  obtained 
were  put  into  competition  with  the  self-fertilised  plants 
of  the  fifth  generation.  The  crossed  plants  exceeded 
the  self-fertilised  in  height  in  the  ratio  of  100  to  66, 
and  in  weight  as  100- to  23;  but  this  difference, 
though  so  great,  is  not  much  greater  than  that  between 
the  intercrossed  plants  of  the  same  stock  in  comparison 
with  the  self-fertilised  plants  of  the  corresponding 
generation.  This  case,  therefore,  seems  at  first  sight 
opposed  to  the  riile  that  a  cross  with  a  fresh  stock  is 
much  more  beneficial  than  a  cross  between  individuals 
of  the  same  stock.  Eut  as  with  Eschscholtzia,  the 
reproductive  system  was  here  chiefly  benefited ;  tor 
the  plants  raised  from  the  cross  with  the  fresh  stock 
were  to  the  self-fertilised  plants  in  fertility,  both  lots 
being  naturally  fertilised,  as  lUO  to  46,  whereas  the 
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intercrossed  plants  of  the  same  stock  were  to  the  self- 
fertilised  plants  of  the  corresponding  fifth  generation 
in  fertility  only  as  lOU  to  86. 

Although  ai  the  time  of  measurement  the  plants 
raised  from  the  cross  with  thfe  fresh  stock  did  not 
exceed  in  height  or  weight  the  intercrossed  plants  of 
the  old  stock  (owing  to  the  growth  of  the  former  not 
having  been  completed,  as  explained  under  the  head 
of  this  species),  yet  they  exceeded  the  intercrossed 
plants  in  fertility  in  the  ratio  of  100  to  54,  This  fact 
is  interesting,  as  it  shows  that  plants  self-fertilised 
for  four  generations  and  then  cFossed  by  a  fresh  stock, 
yielded  seedlings  which  were  nearly  twice  as  fertile  as 
those  from  plants  of  the  same  stock  which  had  been 
intercrossed  for  the  five  previous  generations.  We 
here  see,  as  with  Eschscholtzia  and  Uianthns,  that  the 
a  act  of  crossing,  independently  of  the  state  of  the 
croHsed  planta,  haa  little  eflioacy  in  giving  increased 
fertility  to  the  offspring.  The  same  conclusion  holds 
good,  as  we  have  already  seen,  in  the  analogous  cases  of 
Ipomtea,  Mimulns,  and  Dianthns,  with  respect  to  height. 

(10.)  Nicotiaata  (oitifTim. — My  plants  were  remark- 
ably aelt-fertile,  and  the  capsules  from  the  self-fertilised 
flowers  apparently  yielded  more  seeds  than  those  which 
were  cross-fertilised.  No  insects  were  seen  to  visit  the 
flowers  in  the  hothouse,  and  I  suspect  that  the  stock 
on  which  I  experimented  had  been  raised  under  glass, 
and  had  been  self-fertilised  during  several  previous 
generations ;  if  so,  we  can  understand  why,  in  the  course 
of  three  generations,  the  crossed  seedlings  of  the  same 
stock  did  not  uniformly  exceed  in  height  the  self-ferti- 
lised seedlings.  But  the  case  is  complicated  by  indi- 
vidual plants  having  different  constitutions,  so  that  some 
of  the  crossed  atd  self-fertilised  seedlings  raised  at  the 
Bftme  time  from  the  same  jiarents  behaved  difl'erently. 
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However  this  miiy  be,  plants  raised  from  self-fertilised 
plttiita  of  the  tliird  generation  crossed  by  a  slightly 
different  sub-variety,  exceeded  greatly  in  height  and 
weight  the  self -fertilised  plants  of  the  fourth  genera- 
tion ;  and  the  trial  was  made  on  a  large  scale.  They 
exceeded  them  in  height  when  grown  in  pots,  and  not 
much  crowded,  in  the  ratio  of  100  to  66 ;  and  when 
much  crowded,  as  100  to  54.  These  crossed  plants,  when 
thus  subjected  to  severe  competition,  also  exceeded 
the  self-fertilised  in  weight  in  the  ratio  of  100  t«  37. 
So  it  was,  but  in  a  less  degree  (as  may  be  seen  in 
Table  C),  when  the  two  lots  were  grown  ont  of  doors 
and  not  subjected  to  any  mutual  competition.  Never- 
theless, strange  as  is  the  fact,  the  flowers  on  the 
mother-plants  of  the  third  self-fertilised  generation 
did  not  yield  more  seed  when  they  were  crossed  with 
pollen  from  plants  of  the  fresh  stock  than  when  they 
were  self-fertilised. 

(11.)  AnagaUis  ctHlina. — Plants  raised  from  a  red 
variety  crossed  by  another  plant  of  the  same  variety 
were  in  height  to  the  self-fertilised  plants  from  the 
red  variety  as  100  to  73.  When  the  flowers  on  the 
red  variety  were  fertilised  with  jjoUen  from  a  closely 
BUnilar  blue-flowered  variety,  they  yielded  double  the 
nimiber  of  seeds  to  what  they  did  when  crossed  by 
pollen  from  another  individual  of  the  same  red  variety, 
and  the  seeds  were  much  finer.  The  plants  raised 
from  this  cross  between  the  two  varieties  were  to  the 
self-fertilised  seedlings  from  the  red  variety,  in  height 
as  100  to  QQ,  and  in  fertility  as  100  to  6. 

(12.)  Primula,  verts. — Some  flowere  on  long-styled 
plants  of  the  third  illegitimate  generation  were  legiti- 
mately crossed  with  pollen  from  a  fresh  stock,  and 
Others  were  fertilised  with  their  own  pollen.  From 
the  seeds   thus    produced    crossed   plants,   and 
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fertiliaed  plants  of  tlie  fourth  illegitimate  generation, 
were  raised.  The  fonner  were  to  the  latter  in 
height  as  100  to  46,  and  in  fertility  during  one 
year  aa  100  to  5,  and  as  100  to  3' 5  during  the  next 
year.  In  this  case,  however,  we  have  no  means  of 
distinguishing  between  the  evil  effects  of  illegitimate 
fertilisation  continued  during  four  generations  (that  is, 
by  pollen  of  the  same  form,  but  taken  from  a  distinet 
plant)  and  strict  self-fertilisation.  But  it  is  probable 
that  these  two  processes  do  not  differ  so  essentially  as 
at  first  appears  to  be  the  case.  In  the  following  ex- 
periment any  doubt  arising  from  illegitimate  fertilisei- 
tion  was  completely  eliminated. 

(13.)  Primula  veris.  (Equal-styled,  led-flowered 
variety). — Flowers  on  plants  of  the  second  self-fertilised 
generation  were  crossed  with  pollen  from  a  distinct 
variety  or  fresh  stock,  and  others  were  again  self- 
fertilised.  Crossed  plants  and  plants  of  the  third  self- 
fertilised  generation,  all  of  legitimate  origin,  were 
thus  raised ;  and  the  former  was  to  the  latter  in  height 
as  100  to  85,  and  in  fertility  (as  judged  by  the  number 
of  capsules  produced,  together  with  the  average  number 
of  seeds)  as  100  to  11. 

Summary  of  the  Measurements  in  Table  0. — This 
table  includes  the  heights  and  often  the  weights  of 
292  plants  derived  from  a  cross  with  a  fresh  stock, 
and  of  305  plants,  either  of  sell-fertilised  origin,  or 
derived  from  an  intercross  between  plants  of  the  same 
stock.  These  597  plants  belong  to  thirteen  species 
and  twelve  genera.  The  various  precautions  which 
were  taken  to  ensure  a  fair  comparison  have  already 
been  stated.  If  we  now  look  down  the  right-hand 
column,  in  which  the  mean  height,  weight,  and 
fertility  of  the  plants  derived  from  a  cross  with 
a  fresh  stock   are   represented   by  100,  we  shall  see 
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by  the  other  figures  how  wonderfully  superior  they 
are  both  to  the  seit-fertiliBed  and  to  the  intercrossed 
plants  of  the  same  stock.  With  respect  to  height  and 
weight,  there  are  only  two  fxceptiona  to  the  riile, 
namely,  with  Esehseholtzia  and  Petunia,  and  the 
latter  is  probably  no  real  osueption.  Nor  do  these 
two  species  offor  an  exception  in  regard  to  fertility, 
for  the  plants  derived  from  the  cross  with  a  fresh  stock 
were  much  more  fertile  than  the  self-fertilised  plants. 
The  difference  between  the  two  sets  of  plants  in  the 
table  is  generally  much  greater  in  fertility  than  in 
height  or  weight.  On  the  other  hand,  with  some  of 
the  species,  as  with  Nicotiaua,  there  was  no  difference 
in  fertility  between  the  two  sets,  although  a  great  dif- 
ference in  height  and  weight.  Considering  all  the 
eases  in  this  table,  there  can  be  no  doubt  that  plants 
profit  immensely,  though  in  different  ways,  by  a  cross 
with  a  tresh  stock  or  with  a  distinct  sub-variety.  It 
cannot  be  maintained  that  the  benefit  thus  derived  is 
due  merely  to  the  plants  of  the  fresh  stock  being  per- 
fectly healthy,  whilst  those  which  had  been  long  inter- 
crossed or  self-fertilised  had  become  unhealthy  ;  for  in 
most  cases  there  was  no  appearance  of  such  unhcalthi- 
Tiesa,  and  we  shall  see  under  Table  A  that  the  inter- 
crossed plants  of  the  same  stock  are  generally  superior 
to  a  certain  extent  to  the  self-fertilised, — both  lota 
having  been  subjected  to  exactly  the  same  conditions 
ajid  being  equally  healthy  or  unhealthy. 

We  further  learn  from  Table  C,  that  a  cross  between 
plants  that  have  been  self-fertilised  during  several 
successive  generations  and  kept  all  the  time  under 
nearly  uniform  conditions,  does  not  benefit  the  offspring 
in  the  least  or  only  in  a  very  alight  degree.  Mimulns 
and  the  descendants  of  Ipomcea  named  Hero  offer 
instances   of  this  rule.     Again,  plants   self-fertilised 
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during  several  generatitma  profit  only  to  a  small  extent 
by  a  cross  with  intereroaaed  plants  of  tiie  same  stock 
(as  in  the  case  of  Dianthus),  in  comparison  with  the 
effects  of  a  cross  by  a  fresh  stock.  Plants  of  the  same 
stock  intercrossed  during  several  generations  (as  with 
Petunia)  were  inferior  in  a  marked  manner  in  fertility 
to  those  derived  from  the  corresponding  aelf-fertilised 
plants  crossed  by  a  fresh  stock.  Lastly,  certain  plants 
which  are  regularly  intercrossed  by  insects  in  a  state 
of  nature,  and  which  were  artificially  crossed  in  each 
succeeding  generation  in  the  course  of  my  experi- 
ments, so  that  they  can  never  or  moat  rarely  have 
suffered  any  evil  from  self-fertilisation  (as  with  Esch- 
scholtzia  and  Ipomcoa),  nevertheless  profited  greatly 
by  a  cross  with  a  fresh  stock.  These  several  cases 
taken  together  show  us  in  the  clearest  manner  that  it 
is  not  the  mere  crossing  of  any  two  individuals  which 
is  beuofltiial  to  the  offspring.  The  benefit  thus  derived 
depends  on  the  plants  which  are  united  differing  in  some 
manner,  and  there  can  hardly  be  a  doubt  that  it  is 
in  the  constitution  or  nature  of  the  sexual  elements. 
Anyhow,  it  is  certain  that  the  differences  are  not  of  an 
external  nature,  for  two  plants  which  resemble  each 
other  as  closely  as  the  individuals  of  the  same  species 
ever  do,  profit  in  the  plainest  manner  when  inter- 
crossed, if  their  progenitors  have  been  exposed  during 
several  generations  to  different  conditions.  But  to  this 
latter  subject  I  shall  have  to  recur  in  a  future  chapter. 

Table  A. 
We  will  now  turn  to  our  first  table,  which  re- 
lates to  crossed  and  self-fertilised  plants  of  the  same 
stock.  These  consist  of  fifty-four  species  belonging  to 
thirty  natural  orders.  The  total  number  of  crossed 
plants  of  which  measurements  are  given  is  796,  and 
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of  self-fertiliaerl  plants  809 ;  that  is  altogether  1,605 
plants.  Some  of  the  species  were  experimeated  ou 
during  several  auocessive  geuerations ;  and  it  should 
be  borne  in  mind  that  in  such  caaea  the  crossed  plants 
in  each  generation  were  crossed  with  pollen  from 
another  crossed  plant,  and  the  flowers  on  the  self- 
fertilised  plants  were  almost  always  fertilised  vfith 
their  own  pollen,  though  sometimes  with  pollen  irom 
other  flowers  on  the  same  plant.  The  crossed  plants  tlmi* 
became  more  or  less  'jloaely  inter-related  in  the  later 
generations ;  and  both  lots  were  subjected  in  each  ge- 
neration to  almost  absolutely  the  same  conditions,  and 
to  nearly  the  same  conditions  in  the  successive  gene- 
rations. It  would  have  been  a  better  plan  in  some  re- 
spects if  I  had  always  crossed  some  flowers  either  on  the 
self-fertilised  or  intercrossed  plants  of  each  generation 
with  pollen  from  a  non-related  phmt,  grown  under  dif- 
ferent conditions,  as  was  done  with  t)ie  plants  in  Table 
0;  for  by  this  procedure  I  should  have  learnt  how  much 
the  offspring  became  deteriorated  through  continued 
self-fertilisatiim  in  the  successive  generations.  As  the 
case  stands,  the  self-fertilised  plants  of  the  successive 
generations  in  Table  A  were  put  into  competition  with 
and  compared  with  intercrossed  plants,  which  were 
probably  deteriorated  in  some  degree  by  being  more 
or  less  inter-related  and  grown  under  similar  conditions. 
Nevertheless,  had  I  always  followed  the  plan  in  Table 
C,  I  should  not  have  discovered  the  important  fact 
that,  although  a  cross  between  plants  which  are  rather 
closely  related  and  which  had  been  subjected  to 
closely  similar  conditions,  gives  during  several  genera- 
tions some  advantage  to  the  offspring,  yet  that  after  a 
time  they  may  be  intercrossed  with  no  advantage  what- 
ever to  the  offspring.  Nor  should  I  have  learnt  that 
the  self- fertilised  plants  of  the  later  generations  might 
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be  crossed  with  interorcisaed  plants  of  the  some  stock 
with  little  or  no  advantage,  although  they  profited  to 
an  extraordinary  degree  by  a  cruaa  with  a  fresh  stock. 

With  respect  to  the  greater  number  of  the  plants 
in  Table  A,  nothing  special  need  here  be  said ;  ftill 
particulars  may  be  found  under  the  head  of  each 
species  by  the  aid  of  the  Index.  The  figures  in  the 
riglit-hand  column  show  the  mean  iieight  of  the  self- 
fertilised  plants,  that  of  the  crossed  plants  with  which 
they  competed  being  represented  by  100.  No  notice 
is  here  taken  of  the  few  cases  in  which  crossed  and 
aelf-fertiliaed  plants  were  grown  in  the  open  ground, 
so  as  not  to  compete  together.  The  table  includes, 
as  we  have  seen,  plants  belonging  to  fifty-four  species, 
but  as  some  of  theao  were  measured  during  several 
successive  generations,  there  are  eighty-three  cases  in 
which  crossed  and  self-1'ertilised  plants  were  compared. 
Aa  in  each  generation  the  number  of  plants  which 
were  measured  (given  in  the  table)  was  never  very  large 
and  sometimes  small,  whenever  in  the  right-hand 
column  the  mean  height  of  the  crossed  and  self-fertilised 
plants  is  the  same  within  five  per  cent.,  their  heights 
may  be  considered  as  practically  equal.  Of  such  cases, 
that  is,  of  self-fertilised  plants  of  which  the  mean 
height  is  espressed  by  figures  between  95  and  105, 
there  are  eighteen,  either  in  some  one  or  aU  the  gene- 
ra tiims.  There  are  eight  cases  in  which  the  self- 
fertilised  plants  exceed  the  crossed  by  abovi;  five  per 
cent.,  OS  shown  by  the  figures  in  the  right-hand  column 
being  above  105.  Lastly,  there  are  fifty-seven  cases 
in  which  the  crossed  plants  exceed  the  self-fertilised  in 
A  ratio  of  at  least  100  to  95,  and  generally  in  a  mnch 
higher  degree. 

If  the  relative  heights  of  the  crossed  and  self-fertilised 
plants  liad  been  due  to  mere  chance,  there  would  have 
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been  about  as  many  cases  of  self-fertilised  plants 
exceeding  the  crossed  in  height  by  above  five  per  cent. 
as  of  the  crossed  thus  exceeding  the  self-fertilised ;  hut 
we  see  that  of  the  latter  there  are  tifty-aeven  eases,  and 
of  the  former  only  eight  cases ;  so  that  the  cases  in 
which  the  crossed  plants  exceed  in  height  the  self- 
fertilised  in  the  above  proportion  are  more  than  seven 
times  as  numerous  us  those  in  which  the  self-fertilised 
exceed  the  crossed  in  the  same  proportion,  For  our 
special  purpose  of  comparing  the  powers  of  growth 
of  crossed  and  self-fertilised  plants,  it  may  be  said 
that  in  fifty-seven  cases  the  crossed  plants  exceeded 
the  self-fertilised  by  more  than  five  per  cent,,  and  that 
in  twenty-six  cases  {18 -f  8)  they  did  not  thus  exceed 
them.  But  we  shall  now  show  that  in  several  of  these 
twenty-six  cases  the  crossed  plants  had  a  decided  ad- 
vantage over  the  self-fertilised  in  other  respects,  though 
nut  in  height ;  that  in  other  cases  the  mean  heights 
are  not  trustworthy,  owing  to  too  few  plants  having 
heen  measured,  or  to  their  having  grown  unequally 
from  being  unhealthy,  or  to  both  causes  combined. 
Nevertheless,  as  these  cases  are  opposed  to  my  general 
conclusion  I  have  felt  bound  to  give  them.  Lastly,  the 
cause  of  the  crossed  plants  having  no  advantage  over 
the  self-fertilised  can  be  explained  in  some  other  cases. 
Thus  a  very  small  residue  is  left  in  which  the  self- 
fertilised  plants  appear,  as  far  as  my  experiments 
serve,  to  be  really  equal  or  superior  to  the  crossed 
plants. 

We  will  now  consider  in  some  little  detail  the  eigh- 
teen cases  in  which  the  self-fertilised  plants  equalled 
in  average  height  the  crossed  plants  within  five  per 
cent, ;  and  the  eight  cases  in  which  the  self-fertilised 
plants  exceeded  in  average  height  the  crossed  plants 
by  above  five  per  cent. ;  making  altogether  twenty-aix- 
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cases  ill  tvhicli  the  ci'ossiiil  pluuts  were  nut  taller  tlian 
the  self-fertilised  plants  in  any  marked  degree. 

(1.)  Dianthns  airi/rjphyUui  (third  genfralimi). — Tbis  plant  was 
experimented  on  during  four  generatioUB,  in  tliree  of  which  thu 
oroesed  plants  eiMedod  in  height  the  self-fertilised  generally  lij 
much  more  t1:an  five  pur  cent. ;  and  ve  have  seen  under  Tahle 
0  that  the  offspring  from  the  plants  of  the  third  self- fertilised 
generation  crossed  hy  a  fresh  stock  profited  in  height  and  fer- 
tility in  an  extraordinary  degree,  lint  in  this  third  generation 
the  crossed  plants  of  the  same  stock  were  in  height  to  the  solf- 
fertilised  only  as  100  to  1)9,  that  is,  they  were  practically  equal. 
Nevertheless,  when  the  eight  crossed  and  eight  self-fertilised 
plants  wore  cut  down  and  weighed,  the  former  were  to  the  latter 
in  weight  as  100  to  49!  There  can  therefore  he  not  the  least 
doubt  that  the  crossed  plants  of  this  spedes  are  greatly  superior 
In  vigour  aud  luxuriance  to  the  self-fertilised ;  and  what  was  the 
cause  of  the  self-fertilised  plants  of  the  third  generation,  though 
so  Ught  and  thin,  growing  up  so  ofi  almost  to  equal  the  crossed 
in  height,  I  cannot  explain. 

(2.)  }.obfUaf'i!gen»  {first  generation). — The  crossed  plants  of 
this  generation  were  much  inferior  in  height  to  the  self-fertilised, 
in  the  proportion  of  100  to  1'27.  Although  only  two  paim  were 
mea<iured,  which  is  obvioaalj  much  too  few  lo  be  trnsted, 
yet  from  other  evidence  given  under  the  head  of  this  epecieA, 
it  is  certain  that  the  self-fertihsed  plants  were  very  much 
more  vigorous  than  the  crossed.  As  I  used  pollen  of  unequal 
maturity  for  crOBsing  and  self-fertilising  the  parent-plants,  it  is 
possible  that  the  great  diS'erence  in  the  growth  of  their  of&pring 
may  have  been  due  to  this  cause.  In  the  next  generation  this 
source  of  error  was  avoided,  and  many  more  plants  were  raised, 
and  now  the  average  height  of  tbe  twenty-three  crossed  plants 
was  to  that  of  the  twenty-three  self-fertilised  plants  as  100  to  Dl. 
We  can  therefore  hardly  doubt  that  a  cri>ss  is  heneScial  to  tbis 
species. 

(3,)  Petunia  vii^acea  (third  genenitiim). — Eight  Crossed  plants 
were  to  eight  self-fertilised  of  the  third  generation  in  avernge 
height  OS  100  to  131;  and  at  an  early  age  the  crossed  were 
inferior  even  in  a  still  higher  degree.  But  it  is  a  remarkable 
fact  that  in  one  pot  in  which  plants  of  both  lots  grew  extremely 
crowded,  the  crossed  were  thrive  as  tall  as  the  self-fertilised.  As 
in  the  two  preceding  and  two  succeeding  generations,  as  veil  W 
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with  plants  rained  by  a  cross  with  a  fresh  etoct,  the  crossed 
greatly  esceedad  the  aelf-fertiliaed  in  hei(;ht,  weight,  and  fertility 
{when  these  two  latter  points  were  attemldd  to),  the  present  case 
most  lie  liKiked  at  as  an  nnomnly  not  affecting  the  general  rule. 
The  most  probable  explanation  is  that  the  eeeds  from  which 
tbe  Grossed  plants  of  the  third  generation  were  raised 
were  not  well  ripened ;  for  I  have  ohseryed  an  analogous  cose 
with  IbeiiH.  Self-fertilised  seedlings  of  this  latter  plant,  which 
were  known  to  hare  been  produced  from  seeds  not  well  matured, 
grew  from  the  first  much  more  quickly  than  the  crossed  plants, 
which  were  raised  from  better  matured  seeils;  bo  that  kaving 
thuH  once  got  a  great  start  they  were  enahled  ever  afterwards  to 
retain  their  advantage.  Some  of  these  same  seeds  of  the  Iberis 
were  sown  on  the  opposite  sides  of  pots  filled  with  burnt  earth 
and  pure  aand,  not  eontainiug  any  oi^anic  matter ;  and  now  the 
young  crossed  seedlings  grew  during  their  short  life  to  doable 
the  height  of  the  self-fertilised,  in  the  same  manner  as  occurred 
with  the  above  two  sela  of  seedlings  of  Petimia  which  were  much 
crowded  and  thus  exposed  to  very  unfavourable  conditiona.  We 
have  seen  also  in  the  eighth  generation  of  Ipomcea  that  sctf- 
fertilised  seedhngs  rftised  from  unhealthy  parents  grew  at  first 
very  ranch  more  (juickly  than  the  crossed  seedUngs,  so  that  they 
were  for  a  long  time  much  taller,  though  ultimately  beaten  by 

(4,  5,  6.)  EschsdioUzia  califomica.—Fovj  sets  of  meaanre- 
ments  are  given  in  Table  A.  In  one  of  these  the  crossed  plants 
exceed  the  self-fertilised  in  average  height,  so  that  this  is  not 
one  of  the  exceptions  here  to  be  considered.  In  two  other 
cases  the  crossed  equalled  the  self-fertilised  in  height  witliin  five 
per  cent;  andiu  the  fourth  case  the  self-fertilised  eiceededthe 
crossed  by  above  this  limit.  We  have  seen  in  Table  C  that  the 
whole  advantage  of  a  cross  by  a  fresh  slock  is  confined  to  ferti- 
lity, and  so  it  was  with  the  intercrossed  plants  of  the  same  stock 
compared  with  the  self-fertilised,  for  the  former  were  in  fertility 
to  the  ktter  as  100  to  89.  The  intercrossed  plants  thus  have  ut 
least  one  important  advantage  over  the  self-fertilised.  Moreover, 
the  flowers  on  the  parent-plants  when  fertilised  with  pollen  from 
another  individual  of  the  same  stock  yield  far  more  seeds  than 
when  self-fertilised;  the  flowers  in  this  latter  case  being  often 
quite  sterile.  We  moy  therefore  conclude  that  n  croKS  does  some 
good,  though  it  does  not  give  to  the  crossed  sc^i'diitigs  increoBed 
powers  of  growth. 
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{7.)  Viscaria  ocuIala.—  The  aTernge  height  of  the  fifteen  iator- 
oroeMd  plants  to  tbtit  of  the  fifteoo  solf-feitilieed  plants  was  only 
BH  100  to  97 ;  bat  the  former  produced  many  more  oapBults  than 
the  latt«r,  in  the  ratio  of  100  to  77.  MoreoTer,  the  flowers  on  th« 
parent-plants  which  were  crossed  andself-fertitised, yielded  eeeds 
on  one  oocasion  in  the  proportion  of  100  to  38,  and  on  a  second 
occasion  in  the  proportion  of  100  to  58.  So  that  there  can  be 
Qo  doubt  about  tiie  benellcial  effects  of  a  cross,  although  the 
mean  height  of  the  crossed  plants  was  only  three  per  cent  abore 
that  of  the  self-fertilised  plants. 

(8.)  HpecuhiTia  ajietiiilinn. — Only  Ihe  four  tallest  of  the  croaeed 
and  the  four  tallist  of  the  Belf-fertilised  plants,  growing  in  four 
pots,  wore  measured ;  and  the  fornior  were  to  the  latter  in  height 
as  lOU  to  93.  In  all  four  pots  a  crossed  plant  flowered  before 
any  one  of  the  self- fertilised  plants,  and  this  is  usually  a  safe 
indication  of  some  real  superiority  in  the  crossed  plants.  The 
flowers  on  the  parent- plants  which  were  crossed  with  pollen  tram 
another  plant  yielded  seeds  compared  with  the  self-fertilised 
flowers  in  the  ratio  of  100  to  7'X  We  maj  therefore  draw  the 
same  conclusion  aa  in  the  last  case  with  respect  to  a  cross  being 
decidedly  beneficial. 

(9,)  Bi'Toijo  officituiHs.—Qnls  four  crossed  and  four  self- 
fertilised  plants  were  raised  and  measured,  and  the  former  were 
to  the  latter  in  height  as  100  to  102.  So  small  a  nnmber  of 
measurements  ought  never  to  lie  trusted ;  and  in  the  present  in- 
stance the  advantage  of  the  self-fertilised  oyer  the  crossed  plants 
depended  almost  entirely  on  one  of  the  self- fertilised  plants 
having  grown  to  an  unusual  height.  Ail  four  crossed  plante 
flowered  before  their  self-ftrtilised  opponents.  The  cross- 
fertilised  flowers  on  the  pareut^plants  in  comparison  with  the 
self- fertilised  flowers  yielded  seeds  in  the  proportion  of  100  to  60. 
So  that  here  again  we  may  draw  the  same  conclusion  aa  in  the 
two  la.^t  cases. 

UO.)  Pasdjlora  gracitui. — Only  two  crossed  and  two  self- 
fbrtilised  plants  were  raised ;  and  the  former  were  to  the  latter  in 
height  as  100  to  104.  On  the  other  hand,  fruits  from  the  eross- 
fertjlisedfiowerson  the  pareatrplantB  contained  seeds  in  number, 
compared  with  those  from  the  self-fertiliscil  flowers,  in  the  pro- 
portion of  100  to  36. 

(11.)  iliaseotu'i  m.viliJIorvs.^The  five  crossed  plants  were  to 
the  five  self-fertilised  in  height  as  100  to  96.  Although  the 
od  plants  were  thus  only  four  pet  cent  taller  than  the 
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self-fertiliBed,  thej  flowered  in  both  pots  before  thorn.  It  is 
therefore  probable  that  they  iiad  Bonio  real  aiivuntage  over  the 
solf-fertiliBOil  plants. 

(13.)  A-limi»  asilvallK.—the  four  crossed  plants  wero  ftlmost 
exnctlf  eqnal  in  height  to  iho  four  self-fertilised  plants,  but  as 
80  few  plants  were  measured,  and  as  these  were  all  "  miserabl; 
iiuhealthj,"  nothing  can  be  inferred  with  safety  with  respect  to 
their  relative  heights. 

(13.)  Baetoniii  uurei.— The  eight  crossed  plant-i  were  lo  the 
eight  Bolf-fertilised  in  height  os  100  to  107.  This  number  of 
plants,  considering  the  care  with  which  they  wore  raised  and 
compared,  ought  to  have  given  a  tmstworfhy  result.  But  from 
some  unknown  cause  Ihey  grew  very  unequally,  and  they  be- 
came GO  unhealthy  that  only  three  of  the  crossed  and  three 
of  the  self-fertilised  plants  set  any  seeds,  and  those  few  in 
number.  Under  these  ciTcumHlBnceE  the  mean  height  of  neither 
lot  can  l)c  trusted,  and  the  experiment  is  valueless.  The  cross- 
fortihsed  flowers  on  the  [larent-plants  yielded  rather  more  seeds 
than  the  sclf-fertihsed  flowers 

^14.)  T/'uiibergia  alata. — The  sis  crossed  plants  were  to  the 
MX  self-ferlilised  in  height  oa  1(X)  h)  108.  Hero  the  Belf-ferlilisod 
plants  seem  to  have  a  decided  advantage;  but  both  lots  grew 
unequally,  some  of  the  plants  in  both  being  more  tdan  twice  as 
tall  as  others.  The  parent-plants  aim  were  in  an  odd  semi- 
rterile  condition.  Under  the*e  drcumstances  the  superiority  of 
the  self-fertilised  plants  cannot  Iw  fully  (rusted. 

(15.)  Noianaproftrala.—The  fise  crMsed  plants  were  to  the  five 
self-fertilised  in  height  as  100  to  105;  so  that  the  latter  seem 
here  to  have  a  small  but  decided  advantage.  On  the  other  hand, 
the  flowers  on  the  parent-plants  which  were  cross-fertilised 
produced  very  many  more  capsules  than  the  self-fertilised  flowers, 
in  the  ratio  of  IIW  to  21;  and  the  seeds  which  the  former  con- 
tained were  heavier  than  an  equal  nuraberfrom  the  self-fertilised 
<«p6ules  in  the  raUo  of  100  to  82. 

(16.)  /.  ibisciis  q/.i'oinus.— Only  four  pairs  were  raised,  and  the 
ctoBS«il  were  to  the  self-fertilised  in  height  as  100  to  109. 
Excepting  that  loo  few  plants  were  measured,  I  know  of  nothing 
else  to  cause  distrust  in  the  result  The  cross-fertilised 
flowers  oil  the  parent-plants  were,  on  the  other  hand,  rather 
more  productive  than  the  self-fertihsed  flowers. 

A7.)  Apium  jietfiadiuum. — A  few  plants  (number  not  ro- 
pd)  dorived  from  flowers  believed  to  have  been  crossed  by 
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insectB  and  a  few  self-tertiliBed  plants  were  (trown  on  the  opposite 
sides  of  foitr  pots.  Tliej  attained  to  a  nearly  eqnal  height,  the 
croBBcd  having  a  very  slight  advantage. 

(18.)  \'aii<iellia  niimmiihir'/oltii. — Twenty  cronsed plants  raiBed 
from  the  Heeds  of  perfect  flowers  were  to  twenty  self-fertiliHed 
plants,  likewise  raised  from  the  seeds  of  jerfect  flowers,  in  height 
US  100  to  if9.  The  experiment  was  repealed,  with  the  sole 
difference  that  the  plants  were  allowed  to  grow  more  crowded; 
and  now  the  twenty-four  tallest  of  the  crossed  plants  were  to 
the  twenty-fonr  tallest  Bclf-fertiliMBd  plants  in  height  as  100  to 
94,  and  in  weight  as  100  !«  97.  Moreover,  a  larger  number  of  the 
crossed  than  of  the  self-fertilised  plants  grew  to  a  moderate 
height.  The  ahovo-mentioned  twenty  crossed  plants  were  also 
grown  in  competition  with  twenty  Belf-fertilieed  plants  raised 
from  the  closed  or  cleistogene  flowers,  and  their  heights  vere  as 
100  to  94.  Therefore  had  it  not  been  for  the  first  trial,  in  which 
the  crossed  plants  were  to  the  self- fertilised  in  height  only  aa 
100  to  90,  this  species  might  have  been  classed  with  those  in 
which  the  crossed  plants  exceed  the  self-fertilised  hy  above  five 
per  cent  On  the  other  hand,  the  crossed  plants  in  the  second 
trial  bore  fewer  capsules,  and  these  contained  fewer  seeds,  than 
did  the  self- fertilised  plants,  all  the  capsules  having  been 
prodnced  by  cleistogene  flowers.  The  whole  case  therefore  must 
be  left  doubtful. 

(19.)  Pisum  laiiuiim  (common  pea). — Four  plants  derived  from 
a  cross  between  individuals  of  the  same  variety  wore  in  height 
to  four  self- fertilised  plants  belonging  to  ttie  same  variety  as  100 
to  116.  Although  this  cross  did  no  good,  we  have  seen  under 
Table  C  that  a  cross  between  distinct  varieties  adds  greatly  to 
the  height  and  vigour  of  the  ofispring;  and  it  was  there  explained 
that  the  fact  of  a  cross  between  the  individualsof  the  same  variety 
not  bemg  beneficial,  is  almost  certainly  due  to  their  having  been 
self-fertilised  for  many  generations,  and  in  each  generation 
grown  under  nearly  similar  conditions. 

(20,  21,  22.)  Canna  awrneeu^irai.— Plants  belonging  to  three 
generations  were  observed,  and  in  all  of  three  the  crossed  were 
approiiniatuly  equal  to  the  self- fertilised  ;  the  average  height  of 
the  thirty-four  crossed  plants  being  to  that  of  the  same  nnmber 
of  self-fertilised  plants  as  100  fu  101.  Therefore  the  crossed 
plants  had  no  advantage  over  the  sel t- fertilised ;  and  it  is  pro- 
bable that  the  same  explanation  here  holds  good  as  in  tho  esse 
of  Pieum  latiawm;  for  the  flowers  of  this  C^noa  nre  perfectly 
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self-fertile,  and  were  never  seen  to  be  Tisited  liy 
hothoose,  so  as  to  be  croesed  by  them.  Tbia  plant,  i 
has  been  cultivated  under  glass  for  Roveral  generations  in  pots, 
and  therefore  under  nearly  uniform  conditions.  The  rapsuleB 
produced  by  the  cioBS-fertilised  flowers  on  the  above  thirty-four 
crossed  plants  contained  more  seeds  than  did  the  capsules 
produced  by  the  self-fertilised  flowers  on  the  self-fertiliaed  plants, 
in  the  proportion  of  100  to  85 ;  so  that  in  this  respect  crossing 
was  beneiicial. 

(23.)  Primula  sinenw*. — The  ofepring  of  plants,  some  of 
which  were  legitimately  and  others  illegitimately  fertilised  with 
pollen  from  a  distinct  plant,  were  almost  exactly  of  the  same 
height  as  the  offspring  of  self-fertilised  plants;  but  the  former 
with  rare  exceptions  flowered  before  the  latter.  I  ha^e  shown 
in  my  paper  on  dimorphic  plants  that  this  species  is  commonly 
raised  in  England  from  self-fertilised  seed,  and  the  plants  from 
having  been  cultivated  in  pots  have  been  subjecled  to  nearly 
nniform  conditions.  Moreover,  many  of  them  are  now  varying 
and  chungiog  their  character,  so  as  to  become  in  a  greater  or 
leas  degree  equRl-styled,  and  in  consequence  highly  self-fertile. 
Therefore  I  belioTe  that  the  cause  of  the  crossed  plants  not 
exceeding  in  height  the  self-fertilised  is  the  same  as  in  tJie  two 
previous  cases  of  Puunt  aitivum  and  Canna. 

("24,  '25,  26.)  NieoCiuiia  tahucum.—Tour  sets  of  measurements 
were  made ;  in  one,  the  self-fertilised  plants  grf^atly  exceeded  in 
height  the  crossed,  in  two  others  they  were  approsi ui ate ly  equal 
to  the  crossed,  and  in  the  fourth  were  beaten  by  them ;  but  this 
latter  cose  does  nut  here  concern  ue.  The  individual  plants 
differ  in  constitution,  so  that  the  descendants  of  eono  proUt  by 
tfaeir  parents  having  been  intercrossed,  whilst  others  do  not. 
Taking  all  three  generations  tc^ther,  the  twenty-seven  crossed 
plants  were  in  height  to  the  twenty-seven  self-fertih'sed  plants  as 
100  to  96.  This  excess  of  height  in  the  crossed  plants,  is  so 
Email  compared  with  that  displayed  by  the  oSspring  from  the 
same  mother-plantA  when  crossed  by  a  slightly  different  variety, 
that  we  may  suspect  (as  explained  under  Table  C)  that  most  of 
the  individuals  belonging  to  the  variety  which  served  as  the 
mother-plants  in  my  experiments,  had  acquired  a  nearly  similar 
oonstittttion,  so  as  not  to  profit  by  being  inntually  intercrossed. 

ReTiewing  these  twenty-six  cases,  in  which  the 
crossed  plants  either  do  not  exceed  the  self-fertiliaed  I 
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by  above  five  per  cent,  in  height,  or  are  inferior  to 
them,  we  may  conclude  that  much  the  greater  number 
of  the  cases  do  not  fonn  real  exceptions  to  the  rule, 
—that  a  cross  between  two  plants,  unless  these  have 
been  self-fertilised  and  exposed  to  nearly  the  same 
conditions  for  many  generations,  gives  a  great. 
advantage  of  some  kind  to  the  offspring.  Of  the 
twenty-six  cases,  at  least  two,  namely,  those  of  Adonis 
and  Bartonia,  may  be  wholly  excluded,  as  the  trials 
were  worthless  from  the  extreme  unhealthiuess  of  the 
plants.  In  twelve  other  cases  (three  trials  with  Esch- 
acholtzia  here  included)  the  crossed  plants  either  were 
superior  in  height  to  the  self-fertilised  in  all  the  other 
generations  excepting  the  one  in  question,  or  they 
showed  their  superiority  in  some  different  manner,  as 
in  weight,  fertility,  or  in  flowering  first ;  or  again,  the 
cross-fertilised  flowers  on  the  mother-plant  were  much 
more  productive  of  seed  than  the  self-fertilised. 

Deducting  these  fourteen  cases,  there  remain  twelve 
in  which .  the  crossed  plants  show  no  well-marked 
advantage  over  the  aelf-fertilised.  On  the  other  hand, 
we  have  seen  that  there  are  flfty-seven  cases  in  which 
the  crossed  plants  exceed  the  self-fertilised  in  height 
by  at  least  five  per  cent.,  and  generally  in  a  much 
higher  degree.  But  even  in  the  twelve  cases  just 
referred  to,  the  want  of  any  advantage  on  the  crossed 
side  is  far  from  cerf«,in :  with  Thuubergia  the  parent- 
plants  were  in  an  odd  semi-sterile  condition,  and  the 
offspring  grew  very  unequally;  with  Hibiscus  and 
Apium  much  too  few  plants  were  raised  for  the  measure- 
ments to  be  trusted,  and  the  cross-fertilised  flowers  of 
Hibiscus  produced  rather  more  seed  than  did  the  self- 
fertilised  ;  with  Vandellia  the  crossed  plants  were  a 
little  taller  and  heavier  than  the  self-fertilised,  but  as 
they  were  less  fertile  the  case  must  ho  left  doubtful. 
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Lastly,  with  Pisum,  Primula,  the  three  generations  of 
Canna,  and  the  three  of  Nicotiana  ((vhich  together 
complete  the  twelve  cases),  a  cross  between  two  plants 
certainly  did  no  good  or  very  little  good  to  the  ofF- 
apring ;  but  we  have  reason  to  believe  that  this  ia  the 
reault  of  these  plants  having  been  self-fertilised  and 
cultivated  under  nearly  uniform  conditions  for  several 
generations.  The  same  result  followed  with  the  experi- 
mental plante  of  Ipomcoa  ;md  Mimulus,  and  to  a  certain 
extent  with  some  other  species,  which  had  been  inten- 
tionally treated  by  me  in  this  manner;  yet  we  know  that 
these  species  in  their  normal  condition  profit  greatly  by 
being  intercrossed.  There  is,  therefore,  not  a  single 
case  in  Table  A  which  affords  decisive  evidence  against 
the  rule  that  a  cross  between  plant-s,  the  progenitors  of 
which  have  been  subjected  to  somewhat  diversified 
conditions,  is  beneficial  to  the  offspring.  This  is  a 
surprising  conclusion,  for  from  the  analogy  of  domesti- 
cated animals  it  could  not  have  been  anticipated,  that 
the  good  effects  of  crossing  or  the  evil  effects  of  self- 
fertilisation  would  have  been  perceptible  until  the 
plants  had  been  thus  treated  for  several  generations. 

The  results  given  in  Table  A  may  be  looked  at 
under  another  point  of  view.  Hitherto  each  genera- 
tion has  been  considered  as  a  separate  case,  of  which 
there  are  eighty-three ;  and  this  no  doubt  is  the  more 
c«rrect  method  of  comparing  the  crossed  and  self- 
fertiliseil  plants. 

Knt  in  those  cases  in  which  plants  of  the  same 
species  were  observed  during  several  generations,  a 
general  average  of  their  heights  in  all  the  generations 
together  may  be  made ;  and  such  averages  are 
given  in  Table  A ;  for  instance,  under  Ipomtea  the 
general  average  for  the  plants  of  all  ten  generations 
IB  as  100  for  the  crossed,  to  77  for  the  self-fertilised 
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plant's.  This  bavlDg  been  done  in  each  case  iii  which 
more  than  one  generation  was  raised,  it  is  easy  to 
calculate  the  average  of  the  average  heights  of  tht' 
crossed  and  self'-fertilised  plants  of  all  the  species 
included  in  Table  A.  It  should  however  be  observed 
that  as  only  a  few  planta  of  some  species,  whilst  a 
considerable  number  of  others,  were  measured,  the 
value  of  the  mean  or  average  heights  of  the  several 
species  is  very  different.  Subject  to  this  source  of 
error,  it  may  be  worth  while  to  give  the  mean  of  the 
mean  heighte  of  the  fifty-four  species  in  Table  A ;  and 
the  result  is,  calling  the  mean  of  the  mean  heights 
of  the  crossed  plants  100,  that  of  the  Belf-fertilised 
plants  is  87.  But  it  is  a  better  plan  to  divide  the 
fifty-four  species  into  three  groups,  as  was  done  with 
the  previously  given  eighty-three  cases.  The  first 
group  consists  of  species  of  which  the  mean  heights 
of  the  self-fertilised  plants  are  within  five  per  cent. 
of  100;  so  that  the  crossed  and  self-fertilised  plants 
are  approximately  equal ;  and  of  such  species  there 
are  twelve  about  which  nothing  need  be  said,  the 
mean  of  the  mean  heights  of  the  self-fertilised  being 
of  course  very  nearly  100,  or  exactly  99' 58.  The 
second  group  consists  of  the  species,  thirty-seven  in 
number,  of  which  the  mean  heights  vt  the  crossed 
plants  exceed  that  of  the  self-fertilised  plants  by 
more  than  five  per  cent. ;  and  the  mean  of  their 
mean  heights  is  to  that  of  the  self-fertiliaed  plantu 
as  100  to  78.  The  third  group  consiste  of  the  species, 
only  five  in  number,  of  which  the  mean  heights  of 
the  Bolf-fertilised  plants  exceed  that  of  the  crossed  by 
more  than  five  per  cent. ;  and  here  the  mean  of  the 
mean  heiglits  of  the  crossed  plants  is  to  that  of  the 
self-fertilised  as  100  to  109.  Therefore  if  we  exclude 
the  species  which  are  approximately  equal,  there 
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thirty-seven  species  in  wliich  the  mean  of  the  mean 
heights  of  the  crossed  plants  exceeds  that  of  the  self- 
fertilised  by  twenty-two  per  cent. ;  wliereas  there  are 
only  five  speciea  in  which  the  mean  of  the  mean  height* 
of  the  self-fertilised  plants  exceeds  that  of  the  crossed, 
and  this  only  by  nine  per  cent. 

The  truth  of  the  concIuBion — that  the  good  effects  of 
a  cross  depend  on  the  plants  having  been  subjected 
to  different  conditions  or  to  their  belonging  to  differ- 
ent varieties,  in  both  of  which  cases  they  would  almost 
certainly  differ  somewhat  in  constitution — is  supported 
by  a  comparison  of  the  Tables  A  and  C.  The  latter 
table  gives  the  results  of  crossing  plants  with  a  fresh 
stock  or  with  a  distinct  variety ;  and  the  superiority  of 
the  crossed  oifspring  over  the  self-fertilised  is  here 
much  more  general  and  much  more  strongly  marked 
than  in  Table  A,  in  which  plants  of  the  same  stock 
were  crossed.  We  have  just  seen  that  the  mean  of  the 
mean  heights  of  the  crossed  plants  of  the  whole  fifty- 
four  species  in  Table  A  is  to  that  of  the  self-fertilised 
plants  as  100  to  87 ;  whereas  the  mean  of  the  mean 
heights  of  the  plants  crossed  by  a  fresh  stock  is  to  that 
of  the  seK-fertilised  in  Table  C  as  100  to  74.  So  that 
the  crossed  plants  beat  the  self-fertilised  plants  by 
thirteen  per  cent,  in  Table  A,  and  by  twonty-six  per 
cent.,  or  double  as  much,  in  Table  C,  which  includes 
the  results  of  a  cross  by  a  fresh  stuck. 

Table  B. 

A  few  words  must  be  added  on  the  weights  i 
the  crossed  plants  of  the  same  stock,  in  comparison 
*ith   the   self-fertilised.      Eleven  cases   are  given  in 
Table  B,  relating  to  eight  species.     The  number  t 
[ilants  which  were  weighed  is  shown  in  the  two  lei 
columns,  and  their    relative   weights    in  the   lightl 
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column,  that  of  the  crossed  plants  heing  taken  as 
ICW.  A  few  other  cases  have  already  been  recorded 
in  Tablu  C  in  rpferenoe  lo  plants  crossed  by  a  fresh 
stock,  I  regret  that  more  trials  of  this  kind  were  not 
made,  as  the  evidence  of  the  superiority  of  the  crossed 
over  the  self-fertilised  plants  is  thus  shown  in  a  more 
conclusive  manner  than  hy  their  relative  heights.  But 
this  plan  was  not  thouglit  of  until  a  rather  late  period, 
an<l  there  were  difficiiltiea  in  the  way,  as  tho  seeds 
had  to  be  collected  when  ripe,  by  which  time  the  plants 
had  often  begun  to  wither.  In  only  one  out  of  the 
eleven  cases  in  Table  B,  that  of  Eschscholtzia,  do  the 
self- fertilised  phmts  exceed  the  crossed  in  weight ;  and 
we  have  already  seen  they  are  likewise  superior  to  them 
in  height,  though  inferior  in  fertility,  the  whole  ad- 
vantage of  a  cross  being  here  confined  to  the  repro- 
ductive system.  With  Vandellia  the  crossed  plants 
were  a  little  heavier,  as  they  were  also  a  little  taller 
than  the  self- fertilised ;  but  as  a  greater  number  of 
more  productive  capsules,  were  produced  by  the  cleia- 
togene  flowers  on  the  self-fertilised  plants  than  by 
those  on  the  crossed  plants,  tho  case  must  be  left,  as 
remarked  under  Table  A,  altogether  doubtful.  The 
crossed  and  self-fertilised  offspring  from  a  partially 
self-sterile  plant  of  Beseda  odorata  were  almost  equal 
in  weight,  though  not  in  height.  In  the  remaining 
eight  cases,  the  crossed  plants  show  a  wonderful 
superiority  over  the  self-fertilised,  being  more  than 
double  their  weight,  except  in  one  case,  and  here 
the  ratio  is  as  high  as  100  to  67.  The  results  thus 
deduced  from  the  weights  of  the  plants  coniirm  in  a 
striking  manner  the  former  evidence  of  the  beneficial 
effects  of  a  cross  between  two  plants  of  the  same  stock ; 
and  in  the  few  cases  in  which  plants  derived  from  a 
cross  with  a  fresh  stock  were  weighed,  the  results  are 
.  similar  or  even  more  striking. 
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CONBTITnTlONAL   VlGODR   AND    IN    OTHBH   KESI'EOTS. 

oonatitutioiittl  vigour  of  crosBed  piantB— The  cffcifla  i>f  great 
crowding— Compotitiun  witL  otLur  kimlB  of  plunta  — Sclf-rectiliai'd 
ptentu  mure  liable  lo  pi-emaluro  dtatli — Criieaisd  plants  geneialij 
flower  before  the  self- ftrlilifled —Negative  offecls  of  hittrcroaaing 
flowera  on  tlie  gome  plant — Cases  deacjibcd — TniDBtnitiBLOD  of  tlio 
good  effects  of  a  cross  to  later  geiierntions — Effects  of  crosdng 
plants  of  olosely  roliitod  pursntage — TTuifortn  cdouc  of  tbe  flowors 
on  pUote  self-fertilised  during  aevend  genorattona  and  cullirated 
under  umilBi  conditions. 


iter  constitutional  Vigow  of  crossed  Plants. — As  in 
almost  all  my  experiments  an  equal  number  of  crossed 
and  self-fertilised  seeds,  or  more  commonly  seedlings 
just  beginning  to  sprout,  were  planted  on  the  oppo- 
site sides  of  the  same  pots,  they  had  to  compete 
with  one  another  ;  and  the  greater  height,  weight,  and 
fertility  of  the  crossed  plants  may  be  attributed  to 
their  possessing  greater  innate  constitutional  vigour. 
Generally  the  plants  of  the  two  lots  whilst  very  young 
were  of  equal  height;  but  afterwards  the  crossed 
gained  inaeusibly  on  their  opponents,  and  this  shows 
that  they  possessed  some  inherent  superiority,  though 
not  displayed  at  a  very  early  period  of  life.  There 
were,  however,  some  conspicuous  exceptions  to  the 
rule  of  the  two  lots  being  at  first  equal  in  height;  thus 
the  crossed  seedlings  of  the  broom  (Sarofkamntts 
scoparius)  when  under  three  inches  in  height  were  more 
than  twice  as  tall  as  the  self-fertilised  plants. 
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After  the  crossed  or  the  self-fertilised  plants  had 
once  grown  decidedly  taller  tlian  tlioir  opponents,  a 
still  increasing  advantage  would  tend  to  follow 
from  the  stronger  plants  robbing  the  weaker  onoB 
of  nourishment  and  oversii  ad  owing  them.  This  was 
evidently  the  case  with  the  crossed  plants  of  Viola  trir 
eolor,  which  nltimately  quite  overwhelmed  the  self- 
fertilised.  But  that  the  crossed  plants  have  an  inherent 
superiority,  independently  of  competition,  was  some- 
times well  shown  when  both  lots  were  planted 
separately,  not  far  distant  from  one  another,  in  good 
soil  in  the  open  ground.  This  was  likewise  shown  in 
several  cases,  even  with  plants  growing  in  close  compe- 
tition with  one  another,  by  one  of  the  aolf-fertilised 
plants  exceeding  for  a  time  its  crossed  opponent,  which 
had  been  injured  by  some  accident  or  was  at  first 
sickly,  but  being  ultimately  conquered  by  it.  The 
plants  of  the  eighth  goneratiou  of  Ipomoea  were  raised 
from  small  seeds  produced  by  unhealthy  parents,  and 
the  self-fertilised  plants  grew  at  first  very  rapidly, 
BO  that  when  the  planta  of  both  lots  were  about  three 
feet  in  height,  the  mean  height  of  the  crossed  to  that 
of  the  self-fertilised  was  as  100  to  122 ;  when  they 
were  about  six  feet  high  the  two  lots  were  very  nearly 
equal,  but  ultimately  when  between  eight  and  nine  feet 
in  height,  the  crossed  plants  asserted  their  usual 
superiority,  and  were  to  the  self-fertilised  in  height  as 
100  to  85. 

The  constitutional  superiority  of  the  crossed  over  the 
self-fertilised  plants  was  proved  in  another  way  in  the 
third  generation  of  Mimulus,  by  self-fertilised  seeds 
being  sown  on  one  side  of  a  pot,  and  after  a  certain 
interval  of  time  crossed  seeds  on  the  opposite  side.  The 
self-fertilised  seedlings  thus  had  (for  1  ascertained  that 
the  seeds  germinated  simultaneously)  a  clear  advantage 
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uver  the  crossed  in  tlie  start  for  the  race.  Nevertheless 
they  were  easily  beaten  {as  may  be  seen  under  the 
head  of  Mimulns)  when  the  crossed  seeds  were  sown 
two  whole  days  after  the  self-fertilised.  But  when  the 
interval  waa  four  days,  the  two  lota  were  nearly  equal 
throughout  life.  Even  in  this  latter  case  the  crossed 
plants  still  posaeaaed  aji  inberent  advantage,  for  after 
both  lota  had  grown  to  their  full  height  they  were 
cut  down,  and  without  being  disturbed  were  transferred 
fo  a  larger  pot,  and  when  in  the  ensuing  year  they 
had  again  grown  to  their  full  height  they  wore 
measured ;  and  now  the  tallest  crossed  plants  were  to 
the  tallest  self-fertilised  plants  in  height  aa  100  to  75, 
and  in  fertility  (i.e.,  by  weight  of  seeds  produced  by  an 
equal  number  of  capsules  from  both  lots)  as  100  to  34. 
My  usual  method  of  proceeding,  namely,  to  plant 
several  pairs  of  crossed  and  self-fertilised  seeds  in  an 
equal  state  of  germination  on  the  opposite  sides  of  the 
same  pots,  so  that  the  plants  were  subjected  to 
moderately  severe  mutual  competition,  was  I  think 
the  best  that  could  have  been  followed,  and  was  a  fair 
test  of  what  occurs  in  a  state  of  nature.  For  plants 
sown  by  nature  generally  come  up  crowded,  and  are 
almost  always  exposed  to  very  severe  competition 
with  one  another  and  with  other  kinds  of  plants.  This 
latter  consideration  led  me  to  make  some  trials,  chiefly 
but  not  exclusively  with  Ipomcea  and  Mimulus,  by 
Bowing  crossed  and  self-fertilised  seeds  on  the  opposite 
sides  of  large  pots  in  which  other  plants  had  long  been 
growing,  or  in  the  midst  of  other  plants  out  of  doors. 
The  seedlings  were  thus  subjected  ti>  very  severe 
competition  with  plants  of  other  kinds;  and  in  all 
Buch  cases,  the  crossed  seedlings  exhibited  a  great 
superiority  in  their  power  of  growth  over  the  self- 
fertilised. 
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After  the  germinatiiig  seodliiigs  had  innfu  planted 
in  pttira  on  the  opposite  aides  of  several  pots,  the 
remaining  seeds,  whether  or  not  in  a  state  of  germina- 
tion, were  in  most  cases  sown  very  thickly  on  the  two 
sides  of  an  additional  large  pot ;  so  that  the  seedlings 
came  up  extremely  crowded,  and  were  subjected  to 
extremely  severe  competition  and  unfavourable  condi- 
tions. In  such  cases  the  crossed  plants  almust  invaii- 
ahly  showed  a  greater  superiority  over  the  self-fertilised, 
than  did  the  plants  which  grew  in  pairs  in  the  pots. 

Sometimes  crossed  and  self-fertilised  seeda  were 
sown  in  separate  rows  in  the  open  ground,  which  was 
kept  clear  of  weeds;  so  that  the  seedlings  were  not 
subjected  to  any  competition  with  other  kinds  of 
plants.  Those  however  in  each  row  had  to  struggle 
with  the  adjoining  ones  in  tlie  same  row.  When  fully 
grown,  several  of  the  tallest  plants  in  each  row  were 
selected,  measured,  and  compared.  The  result  was 
in  several  cases  (but  not  so  invariably  as  might  have 
been  expected)  that  the  crossed  plants  did  not  esceed 
in  height  the  self-fertilised  in  nearly  so  great  a  degn^e 
as  when  grown  in  paii-s  in  the  pots.  Thus  with  the 
plants  of  Digitalis,  which  competed  together  in  pots,  the 
crossed  were  to  the  self- fertilised  in  height  as  100  to 
70 ;  whilst  those  which  were  grown  separately  were  only 
as  100  to  85.  Nearly  the  same  result  was  observed 
with  Brassica.  With  Nicotiana  the  crossed  were  to 
the  self- fertilised  plants  in  height,  when  grown 
extremely  crowded  together  in  pots,  as  100  to  54; 
when  grown  much  less  crowded  in  pots  as  100  t«  6fi, 
and  when  grown  in  the  open  ground,  so  as  to  be  enb- 
jeeted  to  but  little  competition,  as  100  to  72.  On  the 
other  hand  with  Zea,  there  was  a  greater  difference  in 
height  between  the  crossed  and  self-fertilised  plants 
growing  out    of  doors,  than  between  the  pairs  which 
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grew  in  pota  in  the  hothouse ;  but  this  may  bo 
iittributed  to  the  self- fertilised  plants  being  more 
tender,  so  that  they  suffered  more  than  the  crossed, 
when  both  lots  were  exposed  to  a  cold  and  wet  summer. 
Lastly,  with  one  out  of  two  series  of  Reseda  odoraia, 
grown  out  of  doors  in  rows,  as  well  as  with  Beta 
vulgaris,  the  crossed  plants  did  not  at  all  exceed  the  self- 
iertilised  in  height,  or  exceeded  them  by  a  mere  trifle. 

The  innate  power  of  the  crossed  plants  to  resist 
unfavourable  conditions  far  better  than  did  the  self- 
fertilised  plants,  was  shown  on  two  occasions  in  a 
curious  manner,  namely,  with  Iberis  and  in  the  third 
generation  of  Petunia,  by  the  great  superiority  in 
height  of  the  crossed  over  the  self-fertilised  seedlings, 
when  both  sets  were  grown  under  extremely  unfavourable 
conditions ;  whereas  owing  to  special  circumstances 
exactly  the  reverse  occurred  with  the  plants  raised  from 
the  same  seeds  and  grown  in  pairs  in  pots.  A  nearly 
analogous  case  was  observed  on  two  other  occasions 
with  plants  of  the  first  generation  of  Nieotiana. 

The  eruased  plants  always  withstood  the  injurious 
effects  of  being  suddenly  removed  into  the  open  air 
after  having  been  kept  in  the  greenhouse  better  than 
did  the  self-fertilised.  On  several  occasions  they  also 
resisted  much  better  cold  and  intemperate  weather. 
This  was  manifestly  the  case  with  some  crossed  and 
self-fertilised  plants  of  Ipomoea,  which  were  suddenly 
moved  from  the  hothouse  to  the  coldest  part  of  a  cool 
greenhouse.  The  offspring  of  plants  of  the  eighth 
self-fertilised  generation  of  Mimulus  crossed  by  a  fresh 
stock,  survived  a  frost  which  killed  every  single  self- 
fertilised  and  intercrossed  plant  of  the  same  old  stock. 
Nearly  the  same  result  followed  with  some  crossed  and 
Belf-fertiiised  plants  of  Viola  tricolor.  Even  the  tips 
of  the  shoots  of  the'  crossed   plants  of  Sarotliammu 
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seoparius  were  nut  toucilied  by  a  very  severe  winter ; 
whereas  nil  the  aeit'-fertiliaed  plants  were  killed  half- 
way down  to  the  ground,  ao  that  they  were  not 
flower  during  the  nest  summer.  Toung 
seetllinga  of  Nicotiana  withstood  a  cold  and  wet 
summer  much  better  than  the  aelf-fertiltsed  seettlinga, 
I  have  met  with  only  one  exception  to  the  rule  of 
crossed  plants  being  hardier  than  the  self-fertilised: 
three  long  rows  of  Eschsoholtzia  plants,  consistiag  of 
crossed  seedlings  from  a  fresh  stock,  of  intercrossed 
seedlings  of  the  same  stock,  and  of  self-fertilised  ones, 
were  left  unprotected  during  a  severe  winter,  and  all 
perished  except  two  of  the  self-fertilised.  But  this 
cuse  is  not  so  anomalous  as  it  at  first  appears,  for  it 
should  be  remembered  that  the  self-fertilised  plants 
of  Eschscholtzia  always  grow  taller  and  are  heavier 
than  the  crossed ;  the  whole  benefit  of  a  cross  with  this 
species  being  confined  to  increased  fertility. 

Independently  of  any  external  cause  which  could 
be  detected,  the  self-fertilised  plants  were  more  liable 
to  premature  death  than  were  the  crossed ;  and  this 
seems  to  me  a  curious  fact.  Whilst  the  seedlings 
were  very  young,  if  one  died  its  antagonist  was  pulled 
up  and  thrown  away,  and  I  believe  that  many  more  of 
the  sell-fertilised  died  at  this  early  age  than  of  the 
crossed ;  but  I  neglected  to  keep  any  record.  With 
Beta  indgarii,  however,  it  is  certain  that  a  large  number 
of  the  self- fertilised  seeds  perished  after  germinating 
beneath  the  ground,  whereas  the  crossed  seeds  sown  at 
the  same  time  did  not  thus  suffer.  When  a  plant 
died  at  a  somewhat  mure  advanced  age  the  fact  was 
recorded ;  and  I  find  in  my  notes  that  out  of  several 
hundred  plants,  only  seven  of  the  crossed  died,  whilst 
of  the  self-fertilised  at  le-ast  twenty-nine  were  thus 
loBt,  that  is  more  than  four  time^  as  many.  Mr.  Galton, 
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afterexaniiiiiugsomeof  my  tables,  remarks:  "  It  is  very 
evident  that  the  colunins  with  the  aelt-fettilised  pliintB 
include  the  larger  number  of  exceptionally  small 
plants ; "  and  the  freq^ueut  presence  of  such  puny  plants 
no  doubt  stands  in  close  relation  with  their  liability  to 
premature  death.  The  self-fertilised  plants  of  Petunia 
completed  their  growth  and  began  to  wither  sooner 
than  did  the  intercrossed  plants;  and  these  latter 
considerably  before  the  ofl'spring  from  a  cross  with  a 
fresh  stock, 

Feriod  of  lowering. — In  some  cases,  as  with  Digitalis, 
Dianthus,  and  Reseda,  a  larger  uimiber  of  the  crossed 
than  of  the  self-fertilised  plants  threw  up  flower-stems ; 
but  this  probably  was  merely  the  result  of  their  greater 
power  of  growth ;  for  in  the  first  generation  of  Lohdia 
fvlgens,  in  which  the  self-fertilised  pliints  greatly  ex- 
ceeded in  height  the  crossed  plants,  some  of  the  latter 
feUed  to  throw  up  flower-stems.  With  a  large  number 
of  species,  the  crossed  plants  exhibited  a  well-marked 
tendency  to  flower  before  the  self-fertilised  ones 
growing  in  the  same  pots.  It  should  however  be 
remarked  that  no  record  was  kept  of  the  flowering  of 
many  of  the  species;  and  when  a  record  was  kept, 
the  flowering  of  the  first  plant  in  each  pot  was  alone 
observed,  although  two  or  more  pairs  grew  in  the  same 
pot.  I  will  now  give  three  lists, — one  of  the  species 
in  which  the  first  plant  that  flowered  was  a  crossed 
one, — a  second  in  which  the  first  that  flowered  was  a 
self-fertilised  plant, — and  a  third  of  those  which 
flowered  at  the  same  time. 

Species,  of  wkiek  the  first  Plants  thai  flowered  were 

of  Crossed  Parentage. 

fyomaa  purpurea. — I  record  in  my  notes  that  in  &I1  ten  genera- 

ktitms  many  of  the  crossed  plautH  flowered  before  the  self- 
fertilKed ;  but  no  details  were  kept. 
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Mimului  lutetu  (Firat  Generation).— Ten  flowers  on  the  crossed 

plantfl  were  folly  expanded  liefore  one  on  the  self-fertiliBed. 
Mimuliii  litteua  (Second  and  Third  Generation). — In  loth  theeo 

generntione  a  crossed  plant  flowci'ed  before  one  of  the  self- 

fertiliaed  in  all  tiiret;  pots. 
Mimuluf  Itdr-as  (Fifth  Generation).— In  all  throe  iwts  a  croaaed 

plant  flowered  firet;  yet  the  Eelf-fertiliBed  plants,  wtiicli 

belonged  to  the  new  tali  variety,  were  in  height  to  the 

crossed  ae  126  to  100. 
Mimvtus  lukus. — Plants  derived  from  a  cross  with  a  fresh  htook 

as  well  as  the  intercTOGsed  pUnts  of  the  old  stock,  flowered 

before  the  self-fertilised  plaute  in  nine  out  of  Uiu  Iiii  pots. 
Salvia  coccittea. — A  crossed  plant  flowered  before  any  one  of  Uio 

Belf-fertilised  in  all  three  pots. 
Origanum    vtdg"re. — During    two   suecesaive   seaaone    several 

crossed  plants  flowered  before  the  eolf-fertilised. 
Bi-aiaioa    olemt^en  (First  Generation).— AU  the  crossed  plonts 

growii^  in  potiB  and  in  the  open  ground  flowered  flrst. 
Bramita   deracea   (Second    Generation).^ A    cronsed    plant    in 

three  out  of  the  four  pots  flowered  before  any  one  of  the 

self-fertilised. 
Ibei-is  umbtllata. — In  both  pots  a  crossed  plant  flowered  first. 
EKhic/'oltzia  ca/i/iflii(to.— Plants  derived    from    the    Brazilian 

stock  crassed  by  the  English  stock  flowered  in  Ave  unt  of 

the  nine  pots  first;  in  four  of  them  a  self-fertilised  plant 

flowered  first )  and  not  in  one  pot  did  an  intercrossed  plant 

of  the  old  stock  flower  first. 
Viola   trictilvr.^A   crossed   plant  in   five   out   of    the   six   pots 

flowered  before  any  one  of  the  self-fL-rtilisod. 
Diaiithut  canji^hyllmi  (First  GonerationJ. — In  two  largo  beda 

of  plants,  four  of  the  crossed  plants  flowered  before  any  one 

of  the  self-fertCised. 
Diauthiu   QaTyaphylha  (Second    Generation),— In  both    pote  k 

crossed  plant  flowered  first. 
Dianlhics    caryophyllua    (Third   Generation).— In    three  out  of 

the  four  pots  a  crossed  plant  flowered  first ;  yet  tlio  croeeed 

were  to  the  self-fertilised  in  height  only  as  100  to  99,  but  in 

weight  as  100  to  19. 
Diantliwi  caryophyllus. — Plants  <ltriyed  from  a  cross  with  a  fresh 

stock,  and  the  intercrosocd  plants  of  the  old  stock,  both 

flowered  before  the  self-fertiUsed  in  nine  out  of  the  ten  pots. 
BQtitcat  u/'-Kuntu.— In  three  out  of  the  four  pots  a  crossed 
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it  flowered  before  any  one  of  the  self- fertilised ;  yut  the 
ir  were  lo  the  erosaed  in  height  as  109  to  100. 
im  min'iB. — A  crossed  plant  flowered  beforo  any  one  of 
the  self-fertilised  in  tliree  out  of  the  four  pots,  and  simiil- 
taneouBly  in  the  fourth  pot. 
Limnnntlie'  doiii/Iaiii.^A  crossed  plant  flowered  before  any  one 

of  the  self-fertilised  in  four  out  of  the  five  pots. 
rkaneoliif  m'lltiftonv. — In  both  pots  a  crossed   plant   flowered 

first. 
Specttlaria  upeculum. — In  all  four  pots  a  crossed  plant  flowered 

first. 
Lobeli'i  ramoia  (First  Generation).  ^In  all  four  pots   a  crossed 

plant  flowered  before  any  one  of  tlie  nolf-fcrtilisud. 
Lubelia  ramosa  (Second  Generation). — In  all  four  pots  a  crossed 
plant    flowered    some  days  before    any  one  of  the  self- 
fertilised 
Ntmnphila  i'lsignis. — In  four  out  of  the  five  pots  a  crossed  plant 

flowered  first. 
Bitrago  offi'^inalis.—la  both  pots  a  crossed  plant  flowered  first. 
Petunia   viiiaca   (Second    Generation).— In    all   three    pots    a 

CTOBsed  plant  flowered  first. 
Niailiawt  tabac-nn. — A  plant  derived  from  a  cross  with  a  fresh 
stock  flowered  before  any  one  of  the  telf-fertilisad  plants  of 
the  fourth  generation,  in  fifteen  out  of  the  sixteen  pots. 
Cyf:Iinnm  pernirum.—Bnrinfi  two  successive  seasons  a  crossed 
plant  flowered  some  weeks  before  any  one  of  the  self-fertilised 
in  all  four  pots. 
Primula  verix  (equal-styled  var.). — In  all  three  pots  a  crofisod 

plant  flowered  first. 
Pr'mvia   tiiievsia. — In   all  four  pots   plants   derived    from   nn 
illegitiinato  cross  between  distinct  plants  flowered  beforo 
le  of  the  self-ferti lilted  plants. 
J'nmuiu  Mnent's. — A  legitimately  crossed  plant  flowered  before 
e  of  the  self-fertHised  plants  in  seven  ont  of  the  eight 
pota. 
yo/iyi-um  aculentam. — A  legitimately  crossed  plant  flowered 
B  to  two  days  l>efore  any  one  of  the  self-fertiiiseil 
plants  in  all  three  pots. 
Zea  Tnayi. — In  all  four  iwts  a  crossed  plant  flowerc!  first. 
Phalarii  cwnriei'ine. — The   crossed,   plants  floitered   before   the 
^^^L      Belf-fertilised  in  the  open  groimd,  but  sinniltaneonsly  in  tho 
^H    pots, 
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Speeies,  of  which  Oie  first  Plantsthat  flowered  were  of 
Self -fertilised  Parentage, 

Bichaoholtxia  caU/omiai  (Flint  Oeneratian).— The  croBsed  plants 
were  at  first  taller  than  the  self-fertilised,  but  on  their  Beeoad 
growth  during  the  following  year  the  seif-fertilised  exceeded 
the  croF^sed  in  height,  and  now  the;  flowered  firet  in  three 
out  of  the  four  pota. 

LujHnui  luieui. — Although  the  cro»<ed  plants  were  to  the  aelf- 
fertiliBod  in  height  aa  100  to  )j2 ;  yet  in  all  three  pots  the 
self-fertilised  plants  flowered  firat. 

Olarkia  elegann. — Although  the  crossed  plants  were,  as  is  the 
last  case,  to  the  Relf-fertilised  in  )ieight  an  100  to  Si,  yet  In 
the  two  pots  the  self-fertiUsed  flowered  first. 

Lobelia  fuhjeni  (First  Generation). — The  crossed  plants  wore  to 
the  Bolf-fertilised  in  height  only  as  100  to  127,  and  the  latter 
flowered  much  before  the  crossed. 

Petunia  u:'rfnrpo  (Third  Generation). — The  crossed  plants  were 
to  the  self-fertilised  in  beiglit  as  lUO  to  131,  and  in  thron 
ont  of  tbeJour  potB  a  self-fertiliBed  plant  flowered  first;  in 
the  fourth  pot  sintQltaneouely. 

Petuniit  violucen  (Fourth  Generation). — Although  the  croesed 
plants  were  to  the  self-fertilised  in  height  as  100  to  69,  yet 
in  three  out  of  the  flve  pots  a  seif-fertilised  plant  flowered 
first;  in  the  fourth  pot  simultaneou-ly,  and  only  in  tho  fifth 
did  a  crossed  plant  fiower  first. 

Nk«tiiina  tabaoam  (First  Generation).- — The  erossed  plants 
were  to  the  Belf-fcrtilised  m  height  only  &a  100  to  178,  and 
a  self-fertilised  plant  fiowered  first  in  all  four  pots. 

Sxoatiana  labaeum  (Third  Generation).— The  crossed  plants 
were  to  the  self-fertilised  in  height  as  100  to  101,  and  in 
four  out  of  the  five  pots  a  self-fertilised  plant  flowered  first. 

Canna  warscewiczi.—In  the  three  generations  taJten  together  the 
crossed  were  to  the  self-fertilised  in  height  as  100  to  101 ;  in 
the  first  generation  the  self-fertilised  plants  showed  son^e 
tendency  to  flower  first,  and  in  the  third  generation  they 
flowered  first  in  nine  out  of  the  twelve  pote. 

Species  m  u-hich  the  Crossed  and  Self-fertilised  Plants 
flowered  almost  dmidianeously. 
Mimvliis  Juteui  (Sixth  Generation).— The  crossed  plants  wore 
inferior  in  height  and  vigoar  to  the  self-fertilised  plants. 


which  all  belonged  to  the  new  whitc-flowored  tali  variety, 
yet  ia  on);  half  the  pots  did  the  self-fertilised  plants  flower 
firet,  and  in  the  other  half  the  croEeed  plants. 

Viscaria  ocvl'itii.  —The  crossed  plunta  were  only  a  little  taller 
than  the  self-fertilised  (viz.,  as  100  to  97),  but  c-on- 
aiderably  more  fertile,  yet  bofJi  lots  flowered  almost 
dmultaneously. 

l.athyrus  odoratae  (Second  Generation). — Although  the  erossed 
plants  were  to  the  self-fertilised  in  height  aa  100  to  88,  yet 
there  was  no  marked  diflerenoe  in  their  period  of  flowering. 

Lobdia  fidyeiia  (Second  Generation). — Although  tha  crossed 
plants  were  to  the  self-fertilised  in  height  as  100  to  91,  yet 
they  flowered  siinnltanooualy. 

Nitotiijiit  labatum  (Third  Generation). — Although  the  crossed 
plants  were  to  the  self-fertilised  in  height  as  100  to  83,  yet 
in  half  the  pots  a  aelf-fertilised  plant  flowered  first,  and  in 
the  other  half  a  crossed  plant. 

These  three  liata  include  fifty-eight  cases,  in  which 
the  period  of  flowering  of  the  crossed  and  self-fertilised 
plants  was  recorded.  In  forty-four  of  them  a  crossed 
plant  flowered  first  either  in  a  majority  of  the  pots  or 
in  all ;  in  nine  instances  a  self-fertilised  plant  flowered 
first,  and  in  five  the  two  lots  flowered  simultaneously. 
One  of  the  most  striking  cases  is  that  of  Cyclamen,  in 
which  the  crosiwd  plants  flowered  some  weeks  before 
the  self-fertilised  in  all  four  pots  during  two  seasons. 
In  the  second  generation  of  Lobelia  ramosa,  a  crossed 
jdant  flowered  in  all  four  pots  some  days  before  any 
one  of  the  self-fertilised.  Plants  derived  from  a 
cross  with  a  fresh  stock  generally  sliowed  a  very 
strongly  marked  tendency  to  flower  before  the  self- 
fertilised  and  the  intercrossed  plants  of  the  old  stock  ; 
all  three  lota  growing  in  the  same  pots.  Thus  with 
Mimulus  and  Dianthus,  in  only  one  pot  out  of  ten,  and 
in  Nicotiana  in  only  one  pot  out  of  sixteen,  did  a  self- 
tetilised  plant  flower  before  the  ])lants  of  the  two  crossed 
Ipnds, — these  latter  flowering  almost  simultaneously. 
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A  coDBideratioD  of  the  two  first  lista,  especially  of 
the  second  one,  shows  that  a  tendency  to  flower  first  ia 
generally  connected  with  greater  power  of  growth,  that 
IB,  with  greater  height.  But  there  are  some  remarkable 
exceptions  to  this  rule,  proving  that  some  other  cause 
comes  into  play.  Thus  the  crossed  plants  both  of 
Liipinus  IiUetis  and  Olarkia  elegans  were  to  the  self- 
fei'tilised  plants  in  height  aa  100  to  82,  and  yet  the 
latter  flowered  first.  lo  the  third  generation  of  Nico- 
tiana,  and  in  all  three  generations  of  Canna,  the 
crossed  and  self-fertiliaed  plants  were  of  nearly  equal 
height,  yet  the  self-fertilised  tended  to  flower  first. 
On  the  other  hand,  with  Primula  sinensis,  plants 
raised  from  a  cross  between  two  distinct  individuals, 
whether  these  were  legitimately  or  illegitimately 
crossed,  flowered  before  the  illegitimately  self-fertiliaed 
plants,  although  all  the  plants  were  of  nearly  equal 
height  in  both  cases.  So  it  was  with  respect  to  height 
and  flowering  with  Phaaeolus,  Specularia,  and  Borago. 
The  crossed  plants  of  Hibiscus  were  inferior  in  height 
to  the  self-fertilised,  in  the  ratio  of  100  to  109,  and  yet 
they  flowered  before  the  self-fertilised  in  three  out  of 
the  four  pots.  On  the  whole,  there  can  be  no  doubt 
that  the  crossed  plants  exhibit  a  tendency  to  flower 
before  the  self-fertilised,  almost  though  not  quite  so 
strongly  marked  aa  to  grow  to  a  greater  height,  to 
weigh  more,  and  to  be  more  fertile. 

A  few  other  cases  not  included  in  the  above  three 
lists  deserve  notice.  In  all  three  pots  of  Viola  tricolor, 
naturally  crossed  plants  the  ofl'spring  of  crossed  plania 
flowered  before  naturally  crossed  plants  the  offspring 
of  self-fertilised  plants.  Flowers  on  two  plants,  both  of 
self-fertiliaed  parentage,  of  the  sixth  generation  of 
Mimulus  ItUeus  were  intercrossed,  and  other  flowers  on 
the  same  plants  were  fertilised  with  their  own  pollen; 
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intercrossed  seedlings  and  seedlings  of  the  seventh 
Belf-fertilised  generation  were  thus  raised,  and  the 
latter  flowered  before  the  intercrossed  in  three  out  of 
the  five  pots.  Flowers  on  a  plant  both  of  Mimulus 
hiteua  AnA  oilpomaia  jiuTpurea  v&TB  crossed  with  pollen 
from  other  flowers  on  the  same  plant,  and  other  flowers 
were  fertilised  with  their  own  poUen ;  intercrossed 
seedlings  of  this  peculiar  kind,  and  others  strictly  self- 
fertilised  being  thus  raised.  In  the  case  of  the 
Mimulus  the  self-fertiliaed  plants  flowered  first  in  seven 
out  of  the  eight  pots,  and  in  the  case  of  the  Ipomcea 
iu  eight  out  of  the  ten  pots ;  so  that  an  intercross 
between  the  flowers  on  the  same  plant  was  .very  far 
from  giving  to  the  offspring  thus  raised,  any  advantage 
over  the  strictly  self-fertilised  plants  in  their  period 
of  flowering. 

The  Effects  of  crossing  Flo-wers  ore  the  same  Planl. 
In  the  discussion  on  the  results  of  a  cross  with  a  fresh 
stock,  given  under  Table  C  in  the  last  chapter,  it  was 
shown  that  the  mere  act  of  crossing  by  itself  does  uo 
good  ;  but  that  the  advantages  thus  derived  depend  on 
the  plants  which  are  crossed,  either  consisting  of 
distinct  varieties  which  will  almost  certainly  differ 
somewhat  in  constitution,  or  on  the  progenitors  of  the 
plants  which  are  crossed,  though  identical  in  every 
external  character,  having  been  subjected  to  somewhat 
different  conditions  and  having  thus  acquired  some 
slight  difference  in  constitution.  All  the  flowers 
producefl  by  the  same  plant  have  been  developed 
from  the  same  seed  ;  those  which  expand  at  the  same 
time  have  been  exposed  to  exactly  the  same  climatic 
influences;  and  the  stems  have  all  been  nourished  by 
the  same  roots.  Therefore  in  accordance  with  the  con- 
clusion just  referred  to,  no  good  ought  to  result  from 
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crossing  flowers  on  the  same  plant.*  In  opposition  to 
this  conclusion  is  the  fact  that  a  bud  is  in  one  sense 
a  ilistioct  individual,  and  is  capable  of  occasionally  or 
even  not  rarely  assuming  new  external  characters,  as 
well  as  new  constitutional  peculiarities.  Plants  raised 
from  buds  which  have  thus  varied  may  be  piopogated 
for  a  great  longtb  of  time  by  grafts,  cuttings,  &c.,  and 
sometimes  even  by  seminai  generation-t  There  esisi 
also  numerous  species  in  which  the  flowers  ou  the 
same  plant  differ  from  one  another,— as  in  the  sesual 
organs  of  monmcious  and  polygamous  plants, — in  the 
structure  of  the  circumlereutial  flowers  in  many  Com- 
posita),  TJmbelliferEB,  &o.,— in  the  structure  of  the 
central  flower  in  some  plants,— in  the  two  kinds  of 
flowers  produced  by  cleistogene  species,  — and  in 
several  other  such  cases.  These  instances  clearly 
prove  that  the  flowers  on  the  same  plant  have  often 
varied  independently  of  one  another  in  many  im- 
portant respects,   such   variations  having  been  fixed, 
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pLint.  Mr.  Hncniib  states  (in  a 
onmmaninatioii  tn  H.  Verlot,  'La 
PiodDotion  dea  Varietea,'  1865, 
p.  42)  tliat  ec^iilinga  raised  from 
ibe  eborter  and  longer  atiimi^nB  of 
rhododeniiron  difil-r  in  charaoler; 
but  the  shorlet  Blaamns  appa- 
reiitly  are  Ijcooming  nidimentuiy, 
and  the  aiiedliuxn  are  dwarfs,  m> 
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to  a  want  of  fertiliting  pover  iii 
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of  Buch  bud-varialiuns  in  myVa- 
riatiun  of  Animals  and  PUnts  un- 
der Domeatici^tion.'  chmp.  tL  Snd 
edit.  vol.  i,  p,  4*8. 
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like  those  on  distinct  plants  during  the  develop- 
ment of  speci(!s. 

It  was  therefore  necessary  to  ascertain  by  experiment 
what  would  be  the  effect  of  iutercrossing  flowers  on 
the  sftjn©  plant,  in  comparison  with  fertiliaing  them 
with  their  own  pollen  or  crossing  them  with  pollen 
from  a  distinct  plant.  Trials  were  carefully  made  on 
five  genera  belonging  to  four  families;  and  in  only 
one  case,  namely,  Digitalis,  did  the  offspring  from  a 
cross  between  the  flowers  on  the  same  plant  receive 
any  benefit,  and  the  benefit  here  was  small  compared 
with  that  derived  from  a  cross  between  distinct  plants. 
In  the  chapter  on  Fertility,  when  we  consider  the 
effects  of  cross-fertilisation  and  self-fertilisation  on  the 
productiveness  of  the  parent-plants  we  shall  arrive  at 
nearly  the  same  result,  namely,  that  ft  cross  between 
the  flowers  on  the  same  plant  does  not  at  all  increase 
the  number  of  the  seeds,  or  only  occasionally  and  to  a 
slight  degree.  I  will  now  give  an  abstract  of  the 
results  of  the  five  trials  which  were  made. 

(1.)  Digitalis  purpurea. — Seedlings  raised  from  inter- 
crossed flowers  on  the  same  plant,  and  others  from 
flowers  fertilised  with  their  own  pollen,  were  grown  in 
the  usual  manner  in  competition  with  one  another  on 
the  opposite  sides  of  ten  pots.  In  this  and  the  four 
following  cases,  the  details  may  be  found  under  the 
head  of  each  species.  In  eight  pots,  in  which  the 
plants  did  not  grow  much  crowded,  the  flower-stema 
on  sixteen  intercrossed  plants  were  in  height  to  those 
on  sixteen  self-fertilised  plants,  as  100  to  94.  In  the 
two  other  pots  in  which  the  plants  grew  much  crowded, 
the  flower-stems  on  nine  intercrossed  plants  were  in 
height  to  those  on  nine  self-fertilised  plants,  as  100 
to  90.  That  the  intercrossed  plants  in  these  two  latter 
pot«   had  a  real   advantage  over  their  self-fertilised 
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oppouents,  was  well  shown  by  their  relative  weights 
when  cut  down,  whioh  was  as  100  to  78.  The  mean 
height  of  the  flower-stems  on  the  twenty-five  inter- 
crossed plants  in  the  ion  pota  taken  together,  was  to 
that  of  the  fiower-stema  on  the  twenty-five  self-ferti- 
lised plants,  as  100  to  92.  Thus  the  intercrossed 
plants  were  certainly  superior  to  the  self -fertilised  iu 
some  degree ;  but  their  superiority  was  small  compared 
with  that  of  the  offspring  from  a  cross  between  distinct 
plants  over  the  self-fertilised,  this  being  in  the  ratio 
of  100  to  70  in  height.  Nor  does  this  latter  ratio 
show  at  all  fairly  the  great  superiority  of  the  planta 
derived  from  a  cross  between  distinct  individuals  over 
the  self-fertilised,  as  the  former  produced  more  than 
twice  as  many  flower-stems  as  the  latter,  and  were 
much  lees  liable  to  premature  death. 

(2.)  Ipomcea  purpurea. — Thirty-one  intercrossed  plants 
raised  from  a  cross  between  flowers  on  the  same  plants 
were  grown  in  ten  pots  in  competition  with  the  same 
number  of  self-fertilised  plants,  and  the  former  were 
to  the  latter  in  height  as  100  to  105.  So  that  the 
self-fertilised  plants  were  a  little  taller  than  the  inter- 
crossed; and  in  eight  ontof  the  ten  pots  a  self-fertilised 
plant  flowered  before  any  one  of  the  crossed  plants  in 
the  same  pots.  The  plants  which  were  not  greatly 
crowded  in  nine  of  the  pots  (and  these  offer  the  fairest 
standard  of  comparison)  were  cut  down  and  weighed; 
and  the  weight  of  the  twenty-seven  intercrossed  plants 
was  to  that  of  the  twenty-seven  self-fertilised  aa  100 
to  124;  so  that  by  this  test  the  superiority  of  the 
self-fertilised  was  strongly  marked.  To  this  subject  of 
the  superiority  of  the  self-fertilised  plants  iu  certain 
cases,  I  shall  have  to  recur  in  a  future  chapter.  If  we 
now  turn  to  the  offspring  from  a  cross  between 
distinct   plants  when  put  into  competition  with  self- 
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fortilised  plants,  we  find  that  the  meaa  height  of 
sovoiity-three  such  crossed  plants,  in  the  course  of  ten 
generations,  was  to  that  of  the  eame  number  of 
self- fertilised  plants  as  100  to  77 ;  and  in  the  case  of 
the  plants  of  the  tenth  generation  in  weight  aa  100  to 
44.  Thus  the  contrast  between  the  efl'ects  of  crossing 
flowers  on  the  same  plant,  and  of  crossing  Sowers  on 
distinct  plants,  is  wonderfully  great. 

(3.)  Mimvlits  ItUeus. — Twenty-two  plants  raised  by 
crossing  flowers  on  the  same  plant  were  grown  in 
competition  with  the  same  number  of  self-fertilised 
plants  ;  and  the  former  were  to  the  latter  in  height  as 
100  to  105,  and  in  weight  as  100  to  103.  Moreover,  in 
aeyen  out  of  the  eight  pots  a  self-fertilised  plant 
flowered  before  any  of  the  intercrossed  plants.  So  that 
here  again  the  self-fertilised  exhibit  u  alight  superiority 
over  the  intercrossed  plants.  For  the  sake  of  com- 
parison, I  may  add  that  seedlings  raised  during  three 
generations  from  a  cross  between  distinct  plants  were 
to  the  self  fertilised  plants  in  height  as  100  to  65. 

(4.)  Fdargoniuiu  zoncde. — Two  plants  growing  in 
separate  pots,  which  had  been  propagated  by  cuttings 
from  the  snme  plant,  and  therefore  formed  in  fact 
parts  of  the  same  individual,  were  intercrossed,  and 
other  flowers  on  one  of  these  plants  were  self-fertilised  ; 
but  the  seedlings  obtained  by  the  two  processes  did 
not  difl'er  in  height  When,  on  the  other  hand,  Sowers 
on  one  of  the  above  plants  were  crossed  with  pollen 
taken  from  a  distinct  seedling,  and  other  flowers  were 
self-fertilised,  the  crossed  offspring  thus  obtained  were 
to  the  self-fertilised  in  height  as  100  to  74. 

(5.)  Origanum  tiWyare,— A  plant  which  had  been 
long  cultivated  in  my  kitchen  garden,  had  spread  by 
stolons  so  as  to  form  a  large  bed  or  clump.  Seedlings 
raised  by  intercrossing  flowers  on  these  plants,  which 
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atrictly  consisted  of  the  same  plant,  and  other  seedlings 
raised  from  self-fertilised  flowers,  were  carefully  com- 
pared from  their  earliest  youth  to  maturity ;  and  they 
did  not  differ  at  all  in  height  or  in  constitutional 
vigour.  Some  flowers  on  these  seedlings  were  then 
crossed  with  pollen  taken  from  a  distinct  seedling,  and 
other  flowers  were  self- fertilised ;  two  fresh  lots  of 
seedlings  being  thus  raised,  which  were  the  grand- 
children of  the  plant  that  had  spread  by  stolons  and 
formed  a  large  clump  in  my  garden.  These  differed 
much  in  height,  the  crossetl  plants  being  to  the 
self-fertilised  as  100  to  86.  They  differed,  also,  to  a 
wonderful  degree  in  constitutional  vigour.  The  crossed 
plants  flowered  first,  and  produced  exactly  twice  as 
many  flowor-stems ;  and  they  afterwards  increased  by 
stolons  to  such  on  extent  as  almost  to  overwhelm  the 
self-fertilised  plants. 

Beyiewing  those  five  cases,  we  see  that  in  four  of 
them,  the  effect  of  a  cross  between  flowers  on  the  same 
plant  (even  on  offsets  of  the  same  plant  growing  on 
separate  roots,  as  with  the  Pelargoninra  and  Origa- 
num) does  not  differ  from  that  of  the  strictest  self- 
fertilisation.  Indeed,  in  two  of  the  cases  the  self-fer- 
tilised plants  were  superior  to  such  intercrossed  plants. 
With  Digitalis  a  cross  between  the  flowers  on  the  same 
plant  certainly  did  do  some  good,  yet  very  slight 
compared  with  that  from  a  cross  between  distinct 
plants.  On  the  whole  the  resulta  here  arrived  at,  if 
we  bear  in  mind  that  the  flower-buds  are  to  a  certain 
extent  distinct  individuals  and  occasionally  vary  inde- 
pendently of  one  another,  agree  well  with  our  general 
conclusion,  that  the  advantages  of  a  cross  depend  on 
the  progenitors  of  the  crossed  plants  possessing  some- 
what different  constitutions,  either  from  having  been 
exposeti   to   different   conditions,  or   to  their  having 


Cb\p.  vui.    flowers  on  the  same  plant.  303 

varied  from  unknown  causes  in  a  manner  which  we  in 
our  ignorance  are  forced  to  speak  of  as  spontaneous. 
Hereafter  I  shall  have  to  recur  to  this  subject  of  the 
inefficiency  of  a  cross  between  the  flowers  on  the  same 
plant,  when  we  consider  the  part  which  insects  play  in 
tbe  cross-fertilisation  of  flowers. 

On  the  Transmission  of  the  good  Effects  from  a  Cross 
OTid  of  the  evil  Effects  from  Self -fertilisation. — We  have 
seen  that  seedlings  from  a  cross  between  distinct  plants 
almost  always  exceed  their  self-fertilised  opponents  in 
height,  weight,  and  constitutional  vigour,  and,  as  will 
hereai'tor  be  shown,  often  in  fertility.  To  ascertain 
whether  this  superiority  would  be  transmitted  beyond 
the  first  generation,  seedlings  were  raised  on  three 
occasions  from  crossed  and  a  elf-fertilised  plants,  both 
sets  being  fertilised  in  the  same  manner,  and  therefore 
not  as  in  the  many  cases  given  in  Tables  A,  B,  and  C, 
in  which  the  crossed  plants  were  again  crossed  and  the 
self-fertilised  again  self-fertilised. 

Firstly,  seedlings  were  raised  from  self-fertilised 
seeds  produced  under  a  net  by  crossed  and  self-fer- 
tilised plants  of  Nemophila  insignis;  and  the  latter 
were  to  the  former  in  height  aa  133  to  100.  But  these 
seedlings  became  very  unhealthy  eni-ly  in  life,  and 
grew  so  unequally  that  some  of  them  in  both  lots  were 
five  times  as  tall  as  the  others.  Therefore  this  experi- 
ment was  quite  worthless;  but  I  have  felt  bound  to 
give  it,  as  opposed  to  my  general  conclusion.  I  should 
state  that  in  this  and  the  two  following  trials,  both  sets 
of  plants  were  grown  on  the  opposite  sides  of  the  same 
]>ots,  and  treated  ir.  all  respeiUs  alike.  The  details  of 
the  experiments  may  be  found  under  the  head  of  each 
species. 

Secondly,  a  crossed  and  a  self- fertilised  plant  of 
HeartseAso  { Viohi  trieofor)  grow  near  tiigether  in  the 
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open  ground  and  near  tu  other  plants  of  heartsoaae; 
and  as  both  produced  an  abundance  of  very  fine  cap- 
Bules,  the  flowers  on  both  were  certainly  cross-fertilised 
by  insects.  Seeds  were  collected  from  both  plants,  and 
seedlings  raised  from  them.  Those  from  the  crossed 
plants  flowered  in  all  three  pots  before  those  from  the 
self-fertilised  plants ;  and  when  fully  grown  the  former 
were  to  the  latter  in  height  as  100  to  82.  As  both  sets 
of  plants  were  the  product  of  cross-fertilisation,  the 
difi'erence  in  their  growth  and  period  of  flowering  was 
clearly  due  to  their  parents  having  been  of  crossed  and 
self-fertilised  parentage ;  and  it  is  equally  cle-ar  that 
they  transmitted  different  constitutional  powers  to  their 
offspring,  the  grandchildren  of  the  plants  which  were 
originally  crossed  and  self-fertilised, 

Thirdly,  the  Sweet  Pea  (Lathyrus  odoratus)  habi- 
tually fertilises  itself  in  thia  country.  As  I  possessed 
plants,  the  parents  and  grandparents  of  which  had 
been  artificially  crossed  and  other  plants  descended 
from  the  samo  parents  which  had  been  self-fcrtUised 
for  many  previous  generations,  these  two  lots  of  plants 
were  allowed  to  fertilise  themselves  under  a  net,  and 
their  self-fertilised  seeds  saved.  The  seedlings  thug 
raised  were  grown  in  competition  with  each  other  in  the 
UBual  manner,  and  differed  in  their  powers  of  growth. 
Those  from  the  self-fertilised  plants  which  had  been 
crossed  during  the  two  previous  generations  were  to 
those  from  tije  plants  self-fertilised  during  many  pre- 
vious generations  in  height  as  100  to  90.  These  two 
lots  of  seeds  were  likewise  tried  by  being  sown  under 
very  unfavourable  conditions  in  poor  exhausted  soil,  and 
the  plants  whose  grandparents  and  great-grandparents 
had  been  crossed  showed  in  an  unmistakable  manner 
their  superior  constitutional  vigour.  In  this  case,  as 
in  that  of  the  heartsease,  there  could  be  no  doubt  that 
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the  advantage  derived  from  a  cross  between  two  plants 
was  not  confined  to  the  offspring  of  the  first  generation. 
That  constitutional  vigour  due  to  cross- parent-age  is 
transmitted  for  many  generations  may  also  be  inferred 
as  highly  probable,  from  some  of  Andrew  Knight's 
varieties  of  the  common  pea,  which  were  raised  by 
crossing  distinct  varieties,  after  which  time  they  no 
doubt  fertilised  themselves  in  each  succeeding  gene- 
ration. These  varieties  lasted  for  upwards  of  sixty 
years,  "  but  their  glory  ia  now  departed." "  On  the 
other  hand,  most  of  the  varieties  of  the  common  pea, 
which  there  is  no  reason  to  suppose  owe  their  origin 
to  a  cross,  have  had  a  much  shorter  existence.  Some 
also  of  Mr.  Laxton's  varieties  produced  by  artificial 
crosses  have  retained  their  astonishing  vigour  and 
luxuriance  for  a  considerable  number  of  generations ; 
but  as  Mr.  Laxton  informs  me,  his  experience  does 
not  extend  beyond  twelve  generations,  within  which 
period  he  has  never  perceived  any  diminution  of  vigour 
in  liis  plants. 

An  allied  point  may  be  here  noticed.  As  tho  force 
of  inheritance  is  strong  with  plants  (of  which  abundant 
evidence  could  he  given),  it  is  almost  certain  that  seed- 
lings from  the  same  capsule  or  from  the  same  plant 
would  tend  to  inherit  nearly  the  same  constitution ;  and 
as  the  advantage  from  a  cross  depends  on  tho  plants 
ivhich  are  crossed  differing  somewhat  in  constitution, 
it  may  be  inferred  as  probable  that  under  similar  con- 
ditions a  cross  between  the  nearest  relations  would 
not  benefit  the  offspring  so  much  as  one  between  non- 
related  plants.  In  support  of  this  conclusion  we  have 
some   evidence,  as   Fritz   Miiller   has   shown   by   hia 
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valuable  experiments  on  hybrid  Abutilons,  that  thfi 
union  uf  brothers  anr[  gisters,  parents  and  children, 
and  of  other  near  relations  is  highly  injurious  to  the 
fertility  of  the  offspring.  In  one  case,  moreover,  seed 
lings  from  such  near  relations  possessed  very  weak 
constitutions."  This  same  observer  also  foundf  three 
plants  of  a  Bignonia  growing  near  together.  He  fer- 
tilised twenty-nine  flowers  on  one  of  them  with  their 
own  pollen,  and  they  did  not  set  a  single  capsule. 
Thirty  flowers  were  then  fertilised  with  pollen  from 
a  distinct  plant,  one  of  the  three  growing  together, 
and  they  yielded  only  two  capsules.  Lastly,  five 
flowers  were  fertilised  with  pollen  from  a  fourth  plant 
growing  at  a  distance,  and  all  five  produced  capsules. 
It  seems  therefore  probable,  as  Fritz  Miiller  suggests, 
that  the  three  plants  growing  near  together  were 
seedlings  from  the  same  parent,  and  that  from  being 
closely  related  they  had  little  power  of  fertilising  one 
»nother.t 

Lastly,  the  fact  of  tha  intercrossed  plants  in 
Table  A  not  exceeding  in  height  the  self-fertilised 
plants  in  a  greater  and  greater  degree  in  the  later 
generations,  is  probably  the  result  of  their  having 
become  more  and  more  closely  inter-related. 

Uniform  Colour  of  the  Flmvers  on  Plants,  self-ferUiised 
and  grown  under  similar  conditions  for  several  Oenera- 
tions  — At  the  commencement  of  my  experiments,  the 
parent-plants  of  Mimulus  luteus,  Ipomaea  purpurea, 
Dianlkus  oaryopkyUus,  and  Petunia  vidacea,  raised 
from   purchased   seeds,   varied  greatly   in  the  colour 


*  'Juoaiiwhe  Zoilacluift  fQi 
Naturw. ;  B.  v<i.,  pp.  22  and  45, 
1872  ;  and  1873,  pp.  44 1-450. 


Domestientinn '  'chap  ivii,  Snd 
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froTu  any  other,  but  not    \ij  Vli 
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of  their  flowers;  This  occurs  with  mauy  plants  which 
have  been  long  cultivated  as  an  ornament  for  the 
flower-garden,  and  which  have  been  propagated  by 
seeds.  The  colour  of  the  flowers  was  a  point  to  which 
I  did  not  at  first  in  the  least  attend,  and  no  selection 
whatever  was  practised.  Nevertheless,  the  flowers 
produced  by  the  self-fertilised  plants  of  the  above 
four  species  became  absolutely  uniform  in  tint,  or  very 
nearly  so,  after  they  had  been  grown  for  some  gene- 
rations under  closely  similar  conditions.  The  inter- 
crossed plants,  which  were  more  or  less  closely 
inter-related  in  the  later  generations,  and  which  had 
been  likewise  cultivated  all  the  time  under  similar 
conditions,  became  more  uniform  in  the  colour  of 
their  flowers  than  were  the  original  parent-plants,  but 
much  less  so  than  the  self-fertilised  plants.  When 
self-fertilised  plants  of  one  of  the  later  generations 
were  crossed  with  a.  fresh  stock,  and  seedlings  thna 
raised,  these  presented  a  wonderful  contrast  in  the 
diversified  tints  of  their  flowers  compared  with  those  of 
the  self-fertilised  seedlings.  As  such  cases  of  flowers 
becoming  uniformly  coloured  without  any  aid  from 
selection  seem-  to  me  curious,  I  will  give  a  full 
abstract  of  my  observations. 

Mimvius  luteus. — A  tall  variety,  bearing  large,  almost 
white  flowers  blotched  with  crimson,  appeared  amongst 
the  intercrossed  and  self-fertilised  plants  of  the  third 
and  fourth  generations.  This  variety  increased  so 
rapidly,  that  in  the  sixth  generation  of  self-fertilised 
plants  every  single  one  consisted  of  it.  So  it  was 
with  all  the  many  plants  which  were  raised,  up  to  the 
last  or  ninth  self-fertilised  generation.  Although  thifl 
variety  first  appeared  amongst  the  intercrossed  plants, 
yet  from  their  offspring  being  intercrossed  in  each 
succeeding   generation,  it   never  prevailed    amongst 
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them;  and  the  flowers  on  the  several  interotoased 
plante  of  the  ninth  generation  difi'ered  considerably  in 
colour.  On  the  other  hand,  the  uniformity  in  colour 
of  the  flowers  on  the  plants  of  all  the  later  self-fer- 
tilised generations  was  quite  surprising ;  on  a  casnal 
inspection  they  might  have  been  said  to  be  quite  alike, 
but  the  crimson  blotches  were  not  of  exactly  the  same 
shape,  or  in  exactly  the  same  position.  Both  my 
gardener  and  myself  belieTO  that  this  variety  did 
not  appear  amongst  the  parent-planta,  raised  from  pur- 
chased seeds,  but  from  its  appearance  amongst  both  the 
crossed  and  seK-fertilised  plants  of  the  third  and  fourth 
generations ;  and  from  what  I  have  seen  of  the  variation 
of  tiiis  species  on  other  occasions,  it  is  probable  that  it 
would  occasionally  appear  under  any  circumstances. 
We  learn,  however,  from  the  present  case  that  under 
the  peculiar  conditions  to  which  my  plants  were 
subjected,  this  particular  variety,  remarkable  for  its 
colouring,  largeness  of  the  corolla,  and  increased 
height  of  the  whole  plant,  prevailed  in  the  sixth  and 
all  the  succeeding  self-fertilised  generations  to  the 
complete  exclusion  of  every  other  variety. 

Jponuea  purpurea.— My  attention  was  first  drawn  to 
the  present  subject  by  observing  that  the  fiowera  on  all 
the  plants  of  the  seventh  self-fertilised  generation  were 
of  a  uniform,  remarkably  rich,  dark  purple  tint.  The 
many  plants  which  were  raised  during  the  three  suc- 
ceeding generations,  up  to  the  last  or  tenth,  all  produced 
flowers  coloured  in  the  same  manner.  They  were 
absolutely  uniform  in  tint,  like  those  of  a  constant 
species  living  in  a  state  of  nature ;  and  the  self-fertilised 
plants  might  have  been  distinguished  with  certainty, 
as  my  gardener  remarked,  without  the  aid  of  labels, 
from  the  intercrossed  plants  of  the  later  generations. 
These,  however,  had  more  uniformly  coloured  flowers 
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thaa  those  which  were  fii'st  raised  from  the  purchased 
Beeds.  Tliis  dark  purple  variety  did  not  appear,  as 
far  as  my  gardener  and  myself  could  recollect,  before 
the  fifth  or  sixtli  acdf-fertilised  generation.  However 
this  may  have  been,  it  became,  through  continued 
self-fertilisation  and  the  cultivation  of  the  plantH 
under  uniform  conditions,  perfectly  constant,  to  the 
exclusion  of  every  other  variety. 

Dianthus  caryophyUui. — The  self-fertilised  plants  of 
the  third  generation  all  bore  flowers  of  exactly  the 
same  pale  rose-colour ;  and  in  this  respect  they  differed 
quite  remarkably  from  the  plants  growing  in  a  large 
bed  close  by  and  raised  from  seeds  purchased  from  the 
same  nursery  garden.  In  thia  case  it  is  not  improbable 
that  some  of  the  parent  plants  which  were  first  self- 
fertilised  may  have  borne  flowers  thus  coloured ;  but 
as  several  plants  were  seK-fertilised  in  the  first  genera- 
tion, it  is  extremely  improbable  that  all  bore  flowers 
of  exactly  the  same  tint  as  those  of  the  self-fertilised 
plants  of  the  third  generation.  The  intercrossed  plants 
of  the  third  generation  likewise  produced  flowers 
almost,  though  not  quite  so  uniform  in  tint  as  those 
of  the  self- fertilised  plants. 

Petunia  vidoBea, — In  this  case  I  happened  to  record 
in  my  notes  that  the  flowers  on  the  parent-plant  which 
was  first  self- fertilised  were  of  a  "  dingy  purple  colour." 
In  the  fifth  self- fertilised  generation,  every  one  of  the 
twenty-one  self- fertilised  plants  growing  in  pots,  and 
all  the  many  plants  in  a  long  row  out  of  doors, 
produced  flowers  of  absolutely  the  same  tint,  namely, 
of  a  dull,  rather  peculiar  and  ugly  flesh  colour ;  there- 
fore, considerably  unlike  those  on  the  parent-plant.  I 
believe  that  this  change  of  eolonr  supervened  quite 
gradually ;  but  I  kept  no  record,  as  the  point  did  not 
interest  me  until  I  was  struck  with  the  uniform  tiot  * 
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of  the  flowers  on  tJie  aelf-fertiliaed  plants  of  the  fifth 
generation.  The  flowerB  on  the  intercrossed  plants  of 
the  corresponding  generation  were  mostly  of  the  same 
dull  flesh  colour,  but  not  nearly  so  uniform  as  those  on 
the  self-fertilised  plants,  some  few  being  very  pale, 
almost  white.  The  aelf-fertilised  plants  which  grew  in 
a  long  row  in  the  open  ground  were  also  remai'kable  for 
their  uniformity  in  height,  as  were  the  intercrossed 
plants  in  a  less  degree,  both  lots  being  compared  with 
a  large  number  of  plants  raised  at  the  same  time  under 
similar  conditions  from  the  self-fertilised  plants  of  the 
fourth  generation  crossed  by  a  fresh  stock.  I  regret 
that  I  did  not  attend  to  the  uniformity  in  height  of 
the  self-fertilised  seedlings  in  the  later  generations  of 
the  other  species. 

These  few  cases  seem  to  me  to  possess  much  interest. 
We  learn  from  them  that  new  and  slight  shades  of 
colour  may  be  quickly  and  firmly  fixed,  iudependently 
of  any  selection,  if  the  conditions  are  kept  as  nearly 
uniform  as  is  [wssible,  and  no  inttrcrossing  be  per- 
mitted. With  Mimuius,  not  only  a  grotesque  style  of 
colouring,  but  a  larger  corolla  and  increased  height  of 
the  whole  plant  were  thus  fixed ;  whereas  with  most 
plants  which  have  been  long  cultivated  for  the  flower- 
garden,  no  character  is  more  variable  than  that  of 
colour,  excepting  perhaps  that  of  height.  From  the 
consideration  of  these  eases  we  may  infer  that  the 
variability  of  cultivated  plants  in  the  above  respects 
is  due,  fiistly,  to  their  being  subjected  to  somewhat 
diversified  conditions,  and,  secondly,  to  their  being 
often  inter-crossed,  as  would  follow  from  the  free  access 
of  insects.  I  do  not  see  how  this  inference  can  be 
avoided,  as  when  the  above  plants  were  cultivated 
for  several  generations  under  closely  similar  conditions, 
and  were  intercrossed  in  each  generation,  the  colour 
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of  their  flowers  tended  in  some  degree  to  change  and  to 
become  uniform.  When  no  intercrossing  with  other 
plants  of  the  same  stock  was  allowed, — that  is,  when 
the  flowers  were  fertilised  with  their  own  pollen  in 
each  generation — their  colour  in  the  later  generations 
became  as  uniform  as  that  of  plants  growing  in  a 
state  of  nature,  accompanied  at  least  in  one  instance 
by  much  uniformity  in  the  height  of  the  plants.  But 
in  saying  that  the  diversified  tints  of  the  flowers  on 
cultivated  plants  treated  in  the  ordinary  manner  are 
due  to  diflereneos  in  the  soil,  climate,  &c.,  to  which 
they  are  exposed,  I  do  not  wish  to  imply  that  such 
variations  are  caused  by  these  agencies  in  any  more 
direct  manner  than  that  in  which  the  most  diversified 
illnesses,  as  colds,  infiammation  of  the  lungs  or  pleura, 
rheumatism,  &c.,  may  be  said  to  bo  caused  by  expo- 
sure to  cold.  In  both  cases  the  constitution  of  the 
being  which  is  acted  on  is  of  preponderant  importance. 
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CHAPTER  IX. 

The  Effects  of  Gboss-febtilisation  and  Self-febtiusation  on 

THE  PbODUCTION  OF  SeEDS. 

Fertility  of  plunts  of  crossed  and  self-fertilised  parentage,  both  lots 
being  fertilised  in  the  same  manner — Fertility  of  the  parent-planta 
wlien  first  crossed  and  self-fertilised,  and  of  their  crossed  and  self- 
fertilised  offspring  when  again  crossed  and  self-fertilised — Com- 
parison of  the  fertility  of  flowers  fertilised  with  their  own  poUe  t 
and  with  that  from  other  flowers  on  the  same  plant — Self-sterile 
plants — Causes  of  selt'-sterility — The  appearance  of  higlily  self- 
fertile  varieties — Self-fertilisation  apparently  in  some  respects  bene- 
ficial, independently  of  the  assured  production  of  seeds. — Relative 
weights  and  rates  of  germination  of  seeds  from  crossed  and  t^elf- 
fertilised  fiowers. 

The  present  chapter  is  devoted  to  the  Fertility  of 
plants,  as  influenced  by  cross-fertilisation  and  self- 
fertilisation.  The  subject  consists  of  two  distinct 
branches ;  firstly,  the  relative  productiveness  or  fertility 
of  flowers  crossed  with  pollen  from  a  distinct  plant  and 
with  their  own  pollen,  as  shown  by  the  proportional 
number  of  capsules  which  they  produce,  together 
with  the  number  of  the  contained  seeds.  Secondly, 
the  degree  of  innate  fertility  or  sterility  of  the  seed- 
lings raised  from  crossed  and  self-fertilised  seeds ;  such 
seedlings  being  of  the  same  age,  grown  under  the  same 
conditions,  and  fertilised  in  the  same  manner.  These 
two  branches  of  the  subject  correspond  with  the  two 
which  have  to  be  considered  by  any  one  treating  of 
hybrid  plants;  namely,  in  the  first  place  the  comparative 
productiveness  of  a  species  when  fertilised  with  pollen 
from  a  distinct  species  and  with  its  own  pollen ;  and 
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in  the  second  plaee,  the  fertility  of  ita  hybrid  off- 
spring. These  two  classes  of  cases  do  not  always  run 
parallel ;  thus  some  plants,  as  G-iirtner  has  shown,  can 
l>e  crossed  with  great  ease,  but  yield  excessively  sterile 
liybrids ;  while  others  are  crossed  with  extreme  diffi- 
culty, but  yield  fairly  fertile  hybrids. 

The  natural  order  to  follow  in  this  chapter  would 
have  been  first  to  consider  the  effects  on  the  fertility 
of  the  parent-plants  of  crossing  them,  and  of  fertilising 
them  with  their  own  pollen ;  but  as  we  have  discussed 
in  the  two  last  chaptere  the  relative  height,  weight, 
and  constitntional  vigour  of  crossed  and  self-fertilised 
pliUits — that  is,  of  plants  raised  from  crossed  and 
self-fertilised  seeds^it  will  be  convenient  here  first 
to  consider  their  relative  fertility.  The  cases  obsei-ved 
hy  me  are  given  in  the  following  table,  D,  in  which 
plants  of  crossed  and  self-fertiliaed  parentage  were  left 
to  fertilise  theraselvea,  being  either  crossed  by  insects 
or  spontaneously  scli'-fertilised.  It  should  be  observed 
that  the  results  cannot  be  considered  as  fully  trust- 
worthy, for  the  fertility  of  a  plant  is  a  most  variable 
element,  depending  on  its  age,  health,  nature  of  the 
soil,  amount  of  water  given,  and  temperature  to  which 
it  is  exposed.  The  number  of  the  capsules  produced 
and  the  number  of  the  contained  seeds,  ought  to  have 
been  ascertained  on  a  large  number  of  crossed  and  self- 
fertilised  plants  of  the  same  age  and  treated  in  every 
respect  alike.  In  these  two  latter  respects  my  observar 
tions  may  be  trusted,  but  a  anfficient  niunber  of  capsules 
were  counted  only  in  a  few  instances.  The  fertility, 
or  as  it  may  perhaps  better  be  called  the  productive- 
ness, of  a  plant  depends  on  the  number  of  capsules 
produced,  and  on  the  number  of  seeds  which  these 
contain.  But  from  various  causes,  chiefJy  from  the 
want  of  time,  I  was  often  compelled  to  rely  on  the 
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DTimber  of  the  capsules  alune.  Nevertheless,  id  the 
more  intercstiDg  cases,  the  seeds  were  also  counted 
or  weighed.  The  average  oiimber  of  seeds  per  capsule 
ia  a  more  valuable  criterion  of  fertility  than  the 
number  of  capsules  produced.  This  latter  circum- 
stance depends  partly  on  the  size  of  the  plant ;  and  we 
know  that  crossed  plants  are  generally  taller  and 
heavier  than  the  self-fertilised ;  but  the  difference  in 
this  respect  ia  rarely  sufficient  to  account  for  the 
diflerence  in  the  number  of  the  capsules  produced.  It 
need  hardly  be  added  that  in  the  following  table  the 
same  number  of  crossed  and  self-fertilised  plants  are 
always  compared.  Subject  to  the  foregoing  sources  of 
doubt  I  will  now  give  the  table,  in  which  the  parentage 
of  the  plants  experimented  on,  and  the  manner  of 
determining  their  fertility  ore  explained.  Fuller 
details  may  be  found  in  the  previous  part  of  this  work, 
under  the  head  of  each  species. 


Table  D. — Selalive  FertUily  nf  Plants  of  crossed  aiid  Bel/-/eriilutd 
Pareniage,  loth  leU  hnng  feTtilieed  in  the  wime  mmmtr.  Fer- 
tility  judged  of  by  various  Standards.  Tliat  of  the  crosted  PlanU 
taken  as  100. 


)M<EA    PERPUJiEA — frst  gctteratioti :    Kiii    per  capsi 
ID  croaaed  nod  self-rertillaed  planU,  not  growing  muuh' 
^cowded,   spnoUaeoual;  Belf-iertiiiaed    un^er    a   net,    in 

FOM<BA  PUKPOREA — ae«la  per  capsnle  on  crosmd  and 
lelf-fertlliKrl  {ddliU  from  tha  aurne  puenta  us  in  the  last 
case,  but  growing  much  crowded,  apontiincoualy  aelf- 
fertilised  under  a  net,  in  number 

'OKiEA  PDRPOHEA — productireneia  of  the  lame  plants,  asl 
joiiKBd  by  thn  number  of  capsules  prodnBed,  and  BVerage 
number  of  MeJs  per  eapaule J 

«ua£*  Puai'imeA — third  generation!  aeeda  per  capiulcj 
on  crnsjjsd  and  aelf-fertiliaed  plants,  apontHneoualy  self- 
fertUised  under  a  net,  in  number ] 

'OKfEA  PDRPUHti^prDducttveneei  of  the  same  pli<nts,| 
u  judged  by  number  nf  cnpsulm  produced,  jiud  averaga! 
number  of  seeds  per  onpsule | 
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Table  D — cojitinued. 


IfohiBA    PUBPlTREi — fifth   generatu/n :    seeds  per  cup 
d  ulf-fartiliMil  plonts,  left,  uncoverod  ia 

hothouse,  and  spoutaneDUily  I'ertiliieJ 

jlhociSA  PimPimEl — ninth  geywratinn  .-  number  of  caps 
on  cruued  plants  to  thuea  on  self-fertilised  plsots,  s 

taneously  telt-fertiliaed  nnder  a  net 

a  equal  number  of  cnpsnles  on  plants' 
detcended  from  self-fertilised  plants  of  the  Sth  genera- 
tion urosseo  bj'  a  freeh  stuck,  and  on  plants  of  the  9th 
■elf-fertilised  generation,  both  sets  hnring  been  left 
oncuvered  and  spontaneouslj  fertilised,  contained  seeds, 

by  weight 

»  of  the  iaiae  plant 


I    the 


ised    and   self-fert 


-crossed  plants,  a 


tilieed  plants,  pi 

— plants  left  uncovered  in  greenhi 
interorfisaed  plants  of  the  3rd  jBoeration,  lyimpared  with  I 
•eif-fertilised  plonte  of  the  3rd  generation,  yielded  ser ' 

In  number 

EBis  UHBELLATA— plants   from    a    cross    between   two] 
varieties,  compared  with  self- fertilised  plants  of  the  3rd 

generation,  yielded  seeds,  by  wd);ht j 

L  VAQUH — crossed  and  self-fertilised   plants,  left^ 

red,  prodoced  cB|>aulos,  In  namber  .... 

Bkusciioltzia  cjiLiroRNiOA—Brazilian  stock;  plants 

iruss-ferlilieed    by  bees;    capsuies 

intercrojHed    pUnts   of  2ad    generation,  compared   i 

capsules  on  self-lertilised  plants  of  2nd  generation,  i 

tained  seeds,  in  number 

KlDllgoilOM'ziA  CALiFOrtRiCA — pvoductireness  of  the  e 
plants,  ai  jndged  by  number  of  eapsoles  produced, 

BTemge  number  of  seeds  per  capsule 

KSOBBOHOI.TZIA  CAI.IFORSICA — plants  left  OBCorered 
crosi-fertilised  by  bees !  capsules  on  plants  derived  f 
iK»ed  plants  of  2Ld  generation  of  the  Braii 
trosaed  by  English  stock,  compared  with  caps 
on   Hlf-feitilised   plants   of    and   gBoeratiou,    couta 

kciIb,  in  number 

SHMiioi.'nilA  OALirOBKtCA — productiveness  uf  the  samel 
r  plftdts,  as  judged  by  Dumber  of  capsules  produced,  and 
r  arwugs  ntunber  of  seeds  per  capsule | 
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Table  D — continued. 


Reseda  odorata — crossed  and  self-fertilised  plants,  left 
uncovered  and  cress-fertilised  by  bees,  produced  capsules 
in  number  (about) 

Viola  tbioolor — crossed  and  self-fertilised  plants,  left) 
uncovered  and  cross-fertilised  by  bees,  produced  capsules  • 
in  number 

Delphinium  oonsolida — crossed  and  self-fertilised  plants, 
left  uncovered  in  the  greenhouse,  produced  capsules  in 
number 

ViSCABiA  OCULATA — Crossed  and  self-fertilised  plants,  leff^ 
uncovered  in  the  greenhouse,  produce  1  capsules  in  number/ 

DiANTHUS  CARYOPHYLLUS — plants  spontaneously  self-ferti-] 
Used  under  a  net;  capsules  on  intercrossed  and  self- 1 
fertilised  plants  of  the  3rd  generation  contamed  seeds  ini 
number j 

DiANTHUS  CARYOPHYLLUS — plants  left  uncovered  and  cross- 
fertilised  by  insects :  offspring  from  plants  self-fertilised 
for  three  generations  and  then  crossed  by  an  inter- 
crossed plant  of  the  same  stock,  compared  with  plants 
of  the  4th  self-fertilised  generation,  produced  seeds  by 
weight 

DiANTHUS  CARYOPHYLLUS — plants  left  uncovered  and  cross-^ 
fertilised  by  insects :  offspring  from  plants  self-fertilised 
for    three    generations    and   then    crossed    by  a   fresh  > 
stock,  compared   with   plants   of  the  4th  self-fertilised  I 
generation,  produced  seeds  by  weight J 

TroPuEOLUM  MiNUS^-crossed  and  self-fertilised  plants,  left 
uncovered  in  the  greenhouse,  produced  seeds  in  number 

LiMNANTHES  DOUOLASii — crossed  and  self-fertilised  plants,! 
left  uncovered  in  greenhouse,  produced  capsules  in> 
number  (about) ) 

LuPiNDS  LUTEUS — crossed  and  self-fertilised  plants  of  the 
2nd  generation,  left  uncovered  in  the  greenhouse,  pro- 
duced seeds  in  number  (judged  from  only  a  few  pods) 

Phaseolus  multiflorus — crossed  and  self- fertilised  plants,] 
left  uncovered  in  the  greenhouse,  produced  seeds  in> 
number  (about) | 

Lath  YRUs  ODORATUS —crossed  and  self-fertilised  p?an'_s  uf| 
the  2nd  generation,  left  uncovered  in  tho  greenhouse,  but 
certainly  self- fertilised,  produced  pods  in  number 

Clarkia  elegans — crossed  and  self-fertilised  plants,  leff^ 
uncovered  in  the  greenhouse,  produced  capsules  in  number/ 

Nemophila  insignis — crossed  and  self-fertilised  plants,! 
covered  by  a  net  and  spontaneously  self-fertilised  in  the> 
greenhouse,  produced  capsules  in  number ) 

rETUNiA  violacea — left  uncovered  and  cross-fertilised  by) 
insects:  plants  of  the  5th  intercrossed  and  self-fertilised  I 
generations  produced  seeds,  as  judged  by  the  weight  of  an  | 
equal  number  of  capsules J 
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TiBLE  Ji^contwue'l. 


gilflOts  self-fiirtilised  Tor  foor  geaemtinna  nnd  then  en 
by  a  fresh  itock,  cnmpnred  with  plants  of  the  5th 
rertilised  generatioD,  pToducxiiI  steUs,  Ht  judged   b;^   the 
weight  of  an  eqaal  number  of  capsules      .     . 

CvowMEN  PERSicirsi — Crossed  and  self-fertills&i  pli 
uncavered  in  the  greenhouee,  produced  capsales  id 

AnaQAlLib  cOluNa  —crossed  and  self-fertriiBed  plants,  lefll 
DDCorered  Id  the  greeDhoose,  prodnced  capsules  in  aDiuber/ 

PriHDLA  VERla — lefl  uaenvered  in  open  gmnud  aad  cr 
fertilised  bf  insects :  oflspring  frotn  plnots  of  the 
iltegitimBte  geDeration  crossed  bj  a  fresh  stock,  cnmpn 
with  phints  of  the  4th  lllegiCiniale  and  eelf-fevtil 
generation,  produced  capsules  in  number  .... 
Snme  plants  in  the  foUawlilg  Jear 

PR1UUI.A  VERIS — (equal-stjled 


1  by  L 


from   plants  self-fertilised  for  I 

crossed  by  another  varietj,  camp 

self-fertiiitied  generation,  proda< 

Prihdla  VEBI9— (eqaal'styled  vi 


PamuLA  VEHIB— (equai-atyled  var.)  prodnc 
same  plants,  as  judged  by  nnmber  of  cnp 
and  average  number  of  seeds  per  c.msnle 


This  table  includea  thirty-three  cases  relating  to 
twenty-three  species,  and  shows  the  degree  of  innate 
fertility  of  plants  of  crossed  parentage  in  comparison 
with  those  of  self-fertilised  parentage  ;  both  lots  being 
fertilised  in  the  same  manner.  With  several  of  the 
species,  as  with  Esehscholtzia,  Beseda,  Viola,  Dian- 
thus,  Petunia,  and  Primula,  both  lots  were  certainly 
cross-fertilised  by  insects,  and  so  it  probably  was  with 
several  of  the  others ;  but  in  some  of  the  species,  as 
with  Ntmophila,  and  in  some  of  the  trials  with  Ipomoea 
and  Dianthus,  the  plants  were  covered  up,  and  both 
lots  were  spontaneously  self-fertilised.  This  also  waa 
necessarily  the  case  with  the  capsules  produced  by  the  i 
3  flowers  of  Vandellia, 
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The  fertility  of  the  crossed  plants  ia  represented  in 
the  table  by  100,  and  that  of  the  self-fertilised  by  the 
other  figures.  There  are  five  cases  in  which  the  fertility 
of  the  self-fertilised  plants  is  approximately  eqaal  to 
that  of  the  crossed  ;  nevertheless,  in  four  of  these  cases 
the  crossed  plants  were  plainly  taller,  and  in  the  fifth 
somewhat  taller  than  the  self-fertilised.  But  I  should 
state  that  in  some  of  these  five  cases  the  fertility  of 
the  two  lots  was  not  strictly  ascertained,  as  the  capsules 
were  not  actually  counted,  from  appearing  equal  in 
number  and  from  all  apparently  containing  a  full  com- 
plement of  seeds.  In  only  two  instances  in  the  table, 
viz.,  with  Vandellia  and  in  the  third  generation  of 
Dianthna,  the  capsules  on  the  self-fertilised  plants 
contained  more  seed  than  those  on  the  crossed  plants. 
With  Dianthiis  the  ratio  between  the  number  of  seeds 
contained  in  the  self- fertilised  and  crossed  capsules 
was  as  125  to  100 ;  both  sets  of  plants  were  left  to 
fertilise  themselves  under  a  net ;  and  it  is  almost 
certain  that  the  greater  fertility  of  the  self-fertilised 
plants  was  here  due  merely  to  their  having  varied 
and  become  less  strictly  dichogamous,  so  as  to  mature 
their  anthers  and  stigmas  more  nearly  at  the  same 
time  than  is  proper  to  the  species.  Excluding  the 
seven  cases  now  referred  to,  there  remain  twenty-sis 
in  which  the  crossed  plants  were  manifestly  much 
more  fertile,  sometimes  to  an  extraordinary  degree, 
than  the  self-fertilised  with  which  they  grew  in  com- 
petition. The  most  striking  instances  are  those  in 
which  plants  derived  from  a  cross  with  a  fresh  stock 
are  compared  with  plants  of  one  of  the  later  self-fer- 
tilised generations ;  yet  there  are  some  striking  cases, 
as  that  of  Viola,  between  the  intercrossed  plants  of  the 
same  stock  and  the  self-fertilised,  even  in  the  first 
3neration.     I'he  results  most  to  be  trust«d  are  those 
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in  which  the  prodiictiveneas  of  the  plants  waa  ascer- 
tained by  the  number  of  capsulea  produced  by  an 
equal  number  of  plants,  together  with  the  actual  or 
average  number  of  seeds  in  each  capsule.  Of  such 
cases  there  are  twelve  in  the  table,  and  the  mean  of 
their  mean  fertility  is  as  ICX)  for  the  crossed  plants, 
to  59  for  the  self-fertilised  plants.  The  PrimulaceBa 
seem  eminently  liable  to  suffer  in  fertility  from  self- 
fertilisation. 

The  following  short  table,  E,  includes  four   cases 
which  have  already  been  partly  given  in  the  last  table. 

Tablk  K — Innate  Fertility  of  Plants  frvai  a  Onm  mth  a  fresh 
Stock,  ormpared  mlh  that  of  Jntercrossed  Plants  of  the  same 
Stoci,  and  with  that  of  Btlf-fertiliitd  I'iutUi,  rUl  of  the  corre- 
tptmding  Qeneratum.  Fertiliti/  judged  of  bi/  the  ntanber  or 
wtigkt  <if  Beedt  produced  by  an  eqiftl  number  of  Planli. 


ill 

1^ 

1 

¥ 

III 

II 

II 

rired  from  a  cross  between  two  planls  of  the 

100 

4 

3 

gth  Mlf-fertilised  EOJierutioD.    The  self-fertiliiod 

pliiDte  belong  10  the  9th  gBDeration  .... 

100 

40 

lelf-fertilisod  plsnti  UloDg  to  the  2Brl  Renenitioii/ 

45 

are  derived  from  self-fertilised  of  the  3rd  ge- 

nerMion,  crossed  bj  intercroRBed   pinnts    of  the 

100 

45 

33 

3rd  generntion.    The  solf-fertiliMU  plant,  belong 

to  the  4th  generation 

100 

54 

48 

tilJMd  plants  helung  to  the  5th  generRtinn   .      .j 

»,  eieepting  in  that 
a  fresh  stwk  belong 
Tossed  and  self- fertilised  pi) 


if  Eschscholtzia,  the  pint* 
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These  caaes  show  us  how  greatly  superior  in  ianate 
fertility  the  seedlinga  from  plants  self-fertilised  or 
intercrossed  for  several  generations  and  then  crossed 
by  a  fresh  stock  are,  in  comparison  with  the  seedlings 
from  plants  of  the  old  stock,  either  intercrossed  or 
self-fertilised  for  the  same  number  of  generations.  The 
three  lots  of  plants  in  each  ease  were  left  freely  ex- 
posed to  the  visits  of  insects,  and  their  flowers  without 
doubt  wore  cross-fertilised  by  tbem. 

This  table  further  shows  us  that  in  all  four  cases  the 
intercrossed  plants  of  the  same  stock  still  have  a 
decided  though  small  advantage  in  fertility  over  the 
self-fertilised  plants. 

With  respect  to  the  state  of  the  reproductive  organs 
in  the  self-fertilised  plants  of  the  two  last  tables, 
only  a  few  observations  were  made.  In  the  seventh 
and  eighth  generation  of  Ipomosa,  the  anthers  in  the 
flowers  of  the  self-fertilised  plants  were  plainly  smaller 
than  those  in  the  flowers  of  the  intercrossed  plants. 
The  tendency  to  sterility  in  these  same  plants  was 
also  shown  by  the  first-formed  flowers,  after  they  had 
been  carefully  fertilised,  often  dropping  off,  in  the 
same  manner  as  frequently  occurs  with  hybrids.  The 
flowers  likewise  tended  to  be  monstrous.  In  the 
fourth  generation  of  Petunia,  the  pollen  produced 
by  the  self-fertilised  and  intercrossed  plants  was 
compared,  and  there  were  far  more  empty  and  shrivelled 
grains  in  the  former. 

Relaiiiie  Fertility/  of  Flowers  crossed  with  Pollen  from  a 
Ustind  Plant  and  with  their  own  Pdlen.  TJm  heading 
includes  fiowers  on  (lie  Pareni-planis,  and  on  the  crossed 
and  selffertiltsed  SeedXings  of  the  first  or  a  succeeding  Ge- 
neration.— I  will  first  treat  of  the  parent-plants,  which 
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were  raised  from  seeds  purchased  from  nuraery-gnrdens, 
or  taken  from  plants  growing  in  my  garden,  or 
growing  wild,  and  surrounded  in  every  ease  by  many 
individuals  of  the  same  species.  Plants  thus  cireum- 
stanced  will  commonly  have  been  intercrossed  by 
insects;  so  that  the  seedlings  which  were  first  ex- 
perimented on  will  generally  have  been  the  product 
of  a  cross.  Consequently  any  difference  in  the 
fertility  of  their  flowers,  when  crossed  and  self-fer- 
tilised, will  have  been  caused  by  the  nature  of  the 
pollen  employed ;  that  is,  whether  it  was  taken  from 
a  distinct  plant  or  from  the  same  flower.  The  de- 
grees of  fertility  shown  in  the  following  table,  F, 
were  determined  in  each  case  by  the  average  number 
of  seeds  per  capsule,  ascertained  either  by  counting 
or  weighing. 

Another  element  ought  properly  to  have  been  taken 
into  account,  namely,  the  proportion  of  flowers  which 
yielded  capsules  when  they  were  crossed  and  self-fer- 
tilised ;  and  as  crossed  flowers  generally  produce  a 
larger  proportion  of  capsules,  their  superiority  in  fer- 
tility, if  this  element  had  been  taken  into  account, 
would  have  been  much  more  strongly  marked  than 
appears  in  Table  F.  But  had  I  thus  acted,  there 
would  have  been  greater  liability  to  error,  as  pollen 
applied  to  the  stigma  at  the  wrong  time  fails  to  pro- 
duce any  effect,  independently  of  its  greater  or  less 
potency,  A  good  illustration  of  the  great  difference 
in  the  results  which  sometimes  follows,  if  the  number 
of  capsules  produced  relatively  to  the  number  of  flowers 
fertilised  be  included  in  the  calculation,  was  afforded 
by  Nolana  proatrata.  Thirty  flowers  on  some  plants 
of  this  species  were  crossed  and  produced  twenty-seven 
capsules,  each  containing  five  seeds ;  thirty-two  flowers 
on  the  same  plants  were  self-fertilised  and  produced: 


only  sis  cajBules,  (jacli  coutiviiiing  five  seeds.  As  the 
number  of  seeds  per  capsule  la  here  the  same,  the  fer- 
tility of  the  crossed  and  self-fertilised  flowers  is  given 
in  Table  F  as  equal,  or  as  100  to  100.  But  if  the 
flowers  which  failed  to  produce  capsules  be  included, 
the  crossed  flowers  yielded  on  an  average  4  "50  seeds, 
whilst  the  self-fertilised  flowers  yielded  only  0  *  94  seeds, 
BO  that  their  relative  fertility  would  have  been  as  100 
to  21,  I  should  here  state  that  it  has  been  found  con- 
venient to  reserve  for  separate  discussiou  the  cases  of 
flowers  which  are  usually  quite  sterile  with  their  own 
pollen. 


T4BL1  Y.—Belative  FirfQily  nf  the  I-Toweri  on  the  Porent-planU 
wed  «K  iny  Btcperini'^U,  when  ftrtilised  with  PoUen  from  a 
(itrfiHci  Ph.nt  and  with  their  o'lm  Pollen.  Fertilay  judgnd  <4 
Jy  ilie  avemge  Number  of  8cedi  per  CapnUt.  FertBity  vf 
CroMtd  Fleveri  takat  at  100. 


self-h 


■eeds  aa  (by  weight)  . 

LiHARll 


VulDE 


frtilisnl  anven  yieldi 

self-fcrtiliaed    flowe 

ssBd  Had   Klf-rertiliiK 

irnssed  and   cclf-ferti  lined  Sove 


I 


yielded  seeds  a»  (by 
Salvia  ooohsyJl — crasaed  and  Mlf-fertiliaed  UoworB  yieldedl 

seeds  as  (about) 

BtUB9iCA    oUiiliACBA  —  crossed   tad   self-f^tiliaed 

yielded  seeds  m  

EBDIIBCHOLTZIA  DAUFCttNiCA — (F.D|;1ish   etouk)  erosi 

aelf-rertili^«!  flowers  ;leldeil  >ieeda  M  (by  weight) 
EiciisciiOLTKU  QALirunNiVA — (Rruzilinii   stock   grown  inll 

Bngland)  enused  and  self-fertilited  flowers  yielded  seedil 

(by  weight)  as  (nbout) .     .) 

Dklphimdh  UOHSUUUA — creased  nad  ^If-rertlli^eJ  Howeraj 

(lelf-rertilised  cspulas  spuntaneoasly  prudueed,  but  resultj 

ntppoited  by  other  eridence)  yielded  seeiia  as  .      .      .      .] 
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Tablb  F — co/itinwil. 


TiBOiBiA  OCtri^TA  ^  croHeii  und  self-fertilised  flowers 
(criuueil  capsules  compared  OD  following  fcHr  nith  spon-V 
taoHuuslj  wlf-1'ertilised  cspsules)  yielded  scods  aa  .      .      .1 

DiAHTU usCAavOF II TLLDS— crossed  sad  eelf-fertilUed  flkiversi 
vieldtid  aeeds  hs    ...........      .) 

Teopsolom     MiNne— crossed    and    aolf-fertiliaeJ    How  era  1 


croasad    und    BKlf-fert 


-crossed  tind  self-fe. 


crossed    nnd    self-furtilised 
'[   Kod ' Mrr-fartilisoil 


edi 

-'■i 
Z2 


TrOP£OLIIU 

jielded  seei 

SABOTtCAMNU 

fielded  anei 

CaeuEi   r 

yielded  t 
Pakiploka  c 

yielded  weds  its 

Si'licuLtrtlA  sPECiTLUil — crossed  and  self- Pert i Used  A 

yielded  seeds  as 

LoBUUA  FULOBNB— eroswl  and  self-furtlliicd  flowers  yielileJ') 

seeds  :i3  (about) 

NKiloPliil..k    INHIONIS — crossed    nnd    aeir-feitilise 

yielded  seeds  ns  (by  weight) 

liOBVIO  OFFli^lHALIS — crossed   and    self-fertilise 

NOLAMA 

yielded  seeds  n 

PkTDHIA     TIOLAI 

yielded  seeds  H 

NigOTIAKA     TAB. 

yielded  seeiis  ss  (fay  i 


crossed    and   self-fertilised    Ho' 
crossed    and   self-fertiliaed    Howers) 


Tieide 

^■tattne 
^BUltoi 


osKii  nnd  F^elf-fertili) 


together)  yielded  seeds  as 


*  TTOpxolum  Maolortim  and 
Cujohea purpurtaham  beenintnv 
diia.d  into  tbia  table,  nlthuu^'h 
■eallingi  wore  not  rsiaiMl  fnnii 
nn  :  but  of  the  Cu)ibra  nnly 
onMMil  and  idx  self-fiiti- 
Lil  of  Iho  Trnpio- 


„  100 
n  n  67 
„    „  150 


□lum  only  six  eroeseil  i 
HelF-fcrtilised  aipsulea, 

tlio  Bilf-lcrtrlueil  tllB 
crossed  Bowers  of  thi;  1 
iimduced  fruit. 
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A  aocond  table,  G,  gives  tlie  relative  fertility  of 
fluwera  on  crossed  plants  again  cross-fertilised,  and  of 
flowers  on  self- fertilised  plants  again  Belf-fertilised, 
either  in  the  first  or  in  a  later  generation.  Here  two 
causes  combine  to  diminish  the  fertility  of  the  self- 
fertilised  flowers  ;  namely,  the  lesser  eflicacy  of  pollen 
from  the  same  flower,  and  the  innate  lessened  fertility 
of  plants  derived  from  self- fertilised  seeds,  which  as  we 
have  seen  in  the  previous  Table  D  is  strongly  marked. 
The  fertility  was  determined  in  the  same  manner  as 
in  Table  F,  that  is,  by  the  average  number  of  seeds  per 
capsule  ;  and  the  same  remarks  as  before,  with  respect 
to  the  different  proportion  of  flowers  which  set  capsules 
when  they  are  cross-fertilised  and  self-fertilised,  ate 
here  likewise  applicable. 

Tablh  G. — Heliilh-e  Fertility  of  Flowers  on  UtoikiI  and  Sdf- 
fertilmii  PlanU  of  the  Firtt  or  some  tuceeediiig  Qeneration  ;  the 
foimer  heiiig  againferlilmii  vjith  Pollen,  from  a  diittnct  tlant, 
and  the  latter  aguin  viith  their  own  Pollen.  Fertility  jadged 
of  by  the  average  Kamlter  of  Seeds  per  CapnU.  FtrlSity  if 
Croneed  Flowers  taken  ai  100. 


IfOKiXi  PURPUREi — crosned  and  salf-ferlilised  flowers 
Iho  crossed  nnd  nolf-ftrtiliaed  plants  of  the  1st  geaerati 
jlslded  EFcds  as  

IPOMiEA  PURPUREA — crossed  and  lell-rertllised  flowent 
the  croGsed  and  Belf-iertilUed  plants  ef  the  Srd  generati 
yielded  seeds  aa. ..,..,.,.. 

IPOHtBA  PURPUREA — cTDEsed  and  self'fei'tiUsed  flawen 
the  ci-Dssed  and  self-fertilised  [ilaDts  aC  the  4th  g^aerati 
yieldsd  seeds  as   .,,.......      . 

Ifouiea  PI' rpuBe a— crossed  >ud  sGlf-fertilised  ilewen 
the  crnssed  and  self-fertllitied  plants  of  Iho  6lh  generati 
yielded  seeds  as 

MiUnl,UB  LuTBlta — croaflBd  and  sclf-ferliliwid  Howera  on  t 
crossed  and  eelf-r^rtilised  plnnts  of  tbe  Hrd  generati 
yielded  K«U  ai  (hy  weight) 

MulOLUa  LUTiiLH— mine  |iintits  Ireated  in  the  same  mann 
on  following  jear  yielded  weds  as  (hv  weight)       .      , 

UmULUS  lUTiiua— crosfed  and  self-ferfilised  flownn  on  t 
creased  and  self  fi'rtilised  pl.iots  of  Ihe  4th  generati 
yielded  s»Js  aa  (by  wtighi) 
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TaBLB  G~conlin"eii. 

i  flowers  Di 


Viola  teioolOb— crossed  and  self-ferl 
erosaeJ  and  self-fertilisod  plimts  oi 
jielded  szeda  h£  .      .      .      ...      -      -      . 

DiANTHuaoittvOPHTLLUS— crossed  and  aelf-fertilised  flo> 
an  the  vroased  nnd  Eelf-fertittsHl  plants  of  the  1st  gen 


DlABTHUB  CABYOPHTLLna— flowers  OH  self 
of  the  3rd  generBtinn  crostiail  bj  iutercr 
other  flowers  Bgoin  self-fertiliseil  fielded 

DiANTHOS  OARYOPHYLLna— flnwera  nn  self 
of  the  3rd  generBtlau  croEsed  by  a  frash 
flowers  OEaiD  self-fertliised  yielded  seeds 

LATBY8C8  ODoBATDB— oruased  and  self-fert 
the  crossed  and  self-fertilised  planl 


if  the  ] 


LOBllLIA  RAHOBA— crossed  and  self-fertilised  Rowers  on  t 
crosied  and  self-fertilised  plants  of  the  1st  geusrati 
yielded  seeds  aji  (lij  weightj 

Pctomia  viOLACE a— crossed  and  Bel f-ferti Used  flowers 
the  crossed  and  seif-1'ertillsed  plunts  of  the  lat  gener&Li 
yielded  seeds  as  (b;  weight} 

PccustA  VIOLAOBA — cfossod  nnd  solf-fei'tilised  flowers 
the  crossed  and  self-fertilised  plants  uf  the  4th  generati 
yielJed  seeds  ns  (by  weight) 

Petunia  vio[,ACeA— flowers  on  self-fevtiiiaed  plants  of  1 
m  crossed  by  a  fcesh  si 


IS  <hj  weight)  . 

NICOTIANA  TABACnn-^ crossed  and  seif-ferlilieed  dot 
the  crossed  and  self-fertilised  plants  of  the  Ist  gem 
yielded  seeds  as  (by  weight) 

NtDOIiANA  TAB ACUH— flowers   OH   self-fertiliscd   pli 
the    '.Ind    generation  crossed  by  intercrossed  plant 
other  flowers  again  self-fertilised  yielded  seeds 
timatioD) 

NicoTlAMA  TABACUK  —  flowert  OH  sell-fertilised  plant 
the  3rd  generallon  crossed  by  a  fresh  stock,  and  ol 
Mowers  again  self-fertilised  yielded  seeds  as  (by  estimal 


(bye 


blue  variety,  and  other  flov 
fertilised  yielded  seeds  as 
Can  HA  WAHSCewiozi— crossed 

the  crossed  and  self-fertilised  pUnti 
bilcea  together  yielded  seeds  as.      . 


the  red  vi 


•If-fe. 


As  both  these  tables  relate  to  the  fertility  of 
flowera  fertilised  by  |x»llen  from  another  pluut  and  by 
their  own  pollen,  they  may  be  considered  together. 
The  difference   between   them   consiets    in   the  self- 


I 


Oleo  FEUTILITY    OF    CROSSED  Chap.  IX. 

fertilised  flowers  in  the  second  table,  G,  being 
produced  by  self- fertilised  parents,  and  the  crossed 
flowers  by  crossed  parents,  which  in  the  later  generations 
had  become  eomewbat  closely  intei-ielated,  and  had 
been  subjected  all  the  time  to  nearly  the  same  condi- 
tions. These  two  tables  include  fifty  cases  relating  to 
thirty-two  species.  The  flowers  on  many  other  species 
were  crossed  and  self-fertilised,  but  as  only  a  few  were 
thus  treated,  the  results  cannot  be  trusted,  as  far  aa  fer- 
tility is  concerned,  and  are  not  here  given.  Some  other 
cases  have  been  rejected,  as  the  plants  were  in  an 
unhealthy  condition.  If  we  look  to  the  figures  in  the 
two  tables  expressing  the  ratios  between  the  mean 
relative  fertility  of-  the  crossed  and  self-fertilised 
flowers,  we  see  that  in  a  majority  of  the  cases  {i.a, 
in  thirty  five  out  of  fifty)  flowers  fertilised  by  pollen 
from  a  distinct  plant  yield  more,  sometimes  many  more, 
seeds  than  flowers  fertilised  with  their  own  pollen  ;  and 
they  commonly  set  a  larger  proportion  of  capsules.  The 
degree  of  infertility  of  the  self-fertilised  flowers  difliers 
extremely  in  the  different  species,  and  oven,  as  we 
shall  see  in  the  section  on  self-sterile  plants,  in  the 
individuals  of  the  same  species,  as  well  as  under 
slightly  changed  conditions  of  life.  Their  fertility 
ranges  from  zero  to  fertility  equalling  that  of  the 
crossed  flowers ;  and  of  this  fact  no  explanation  can 
bn  ofTered.  There  are  fifteen  cases  in  the  two  tables 
in  which  the  number  of  seeds  per  capsule  produced  by 
the  self  fertilised  flowers  equals  or  even  exceeds  that 
yielded  by  the  crossed  flowers.  Some  few  of  these 
!,  I  believe,  accidental ;  that  is,  would  not 
recur  on  a  second  trial.  This  was  apparently  the 
case  with  the  plants  ot  the  fifth  generation  of  Tpomoeo, 
and  in  one  of  the  experiments  with  Dianthus. 
Nicotiiina    offi  r'i    thi'    most   anomalons    case    of   any. 
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as  the  self-fertilised  flowers  on  the  parent- plants,  and 
on  their  descendants  of  the  aeconil  and  third  genera- 
tions, produced  more  seeds  thiin  did  the  crossed 
flowers ;  hut  we  shall  recur  to  this  case  wlien  we  treat 
of  highlv  self-fertile  varieties. 

It  might  have  been  expected  that  the  difference  in 
fertility  between  the  crossed  and  self- fertilised  flowers 
would  hare  been  more  strongly  marked  in  Table  G,  in 
which  the  plants  of  one  set  were  derived  from  self- 
fertilised  parents,  than  in  Table  F,  in  which  flowers  on 
tlie  parent-plants  were  self- fertilised  for  the  first  time. 
But  this  is  not  the  case,  as  far  as  n)y  scanty  materials 
allow  of  any  judgment.  There  is  therefore  no  evi- 
dence at  present,  that  the  fertility  of  plants  goes  on 
diminishing  in  successive  self-fertilised  generations, 
although  there  is  some  rather  weak  evidence  that 
this  does  occur  with  respect  to  their  height  or  growth. 
But  we  should  bear  in  mind  that  in  the  later  genera- 
tions the  crossed  plants  had  become  mure  or  less  closely 
inter-related,  and  had  been  subjected  all  the  time  to 
nearly  uniform  conditions. 

It  is  remarkable  that  there  is  no  close  correspondence, 
either  in  the  parent-plants  or  in  the  successive  genera- 
tions, between  the  relative  number  of  seeds  produced 
by  the  crossed  and  self-fertilised  flowers,  and  the 
relative  powers  of  growth  of  the  seedlings  raised  from 
such  seeds.  Thus,  the  crossed  and  self-fertilised 
flowers  on  the  parent-plants  of  Ipomcea,  Gesneria, 
Salvia,  Limnanthes,  Lobelia  fulgens,  and  Nolana  pro- 
duced a  nearly  equal  number  of  seeds,  yet  the  plants 
raised  from  the  crossed  seeds  exceeded  considerably  in 
height  those  raised  from  the  self-fertilised  seeds. 
The  crossed  flowers  of  Linaria  and  Viscaria  yielded 
far  more  seeds  than  the  self-fertilised  flowers ;  and 
although  the  planis  raised  from  the  former  were  t 
IS 
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than  those  from  the  latter,  they  were  not  so  in  any 

cDrrespouding  degree.  With  Niootiana  the  flowers 
lertilisod  with  their  own  pollen  were  more  productive 
thau  those  crossed  with  pollen  from  a  slightly  different 
variety ;  yet  the  plants  raised  from  the  latter  seeda 
were  much  taller,  heavier,  and  more  hardy  than  those 
raised  from  the  self-fertiiised  seeds.  On  the  other 
hand,  the  crossed  seedlings  of  EsehBcholtzia  were 
neither  taller  nor  heavier  than  the  self-fertilised, 
although  the  crossed  flowers  were  far  more  productive 
than  the  self-fertilised.  But  the  best  evidence  of  ii 
want  of  correspondence  between  the  number  of  aeedi' 
produced  by  cruased  and  self-fertilised  flowers,  and 
the  vigour  of  the  offspring  raised  from  them,  is  afforded 
hy  the  planta  of  the  Brazilian  and  European  stocks 
of  Eaehscholtzia,  and  likewise  by  certain  individual 
plants  of  Meseda  oilorata ;  for  it  might  have  been  ex- 
pected that  the  seedlings  from  plants,  the  flowers  of 
whicJi  were  excessively  self-sterile,  would  have  profited 
in  a  greater  degree  hy  a  cross,  than  the  seedlings  from 
plants  which  were  moderately  or  fully  self-fertile,  and 
therefore  apparently  had  no  need  to  be  crossed.  But 
no  such  result  followed  in  either  case:  for  instance, 
the  crossed  and  self-fertilised  ofl'spring  from  a  highly 
self-fertile  plant  uf  Reseda  odorata  were  in  average 
height  to  each  other  as  100  to  82 ;  whereas  the  similar 
offspring  from  an  excessively  self-sterile  plant  were  as 
100  tfl  1)2  in  average  height. 

With  respect  to  the  innate  fertility  of  the  plants 

of  crossed  and  self-fertilised  parentage,  given  in  the 

previous  Table  D — that  is,  the  number  of  seeds  pro- 

kjdnoed  by  both  lota  when  their  fluwers  were  fertilised 

I;  the  same  manner,— nearly  the  same  remarks  are 

plicable,  in  reference  to  the  absence  of  any  close 

ssponJence  between  their  fertility  and  powers  of 
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growtlk,  as  in  the  case  of  the  plauts  in  the  Tables  F 
and  G,  just  considered.  Thus  the  urossed  and  self-fer- 
tilised plants  of  Ipomoea,  Papaver,  Reseda  odorata,  and 
Limnanthes  were  almost  e<iually  fertile,  yet  the  former 
exceeded  considerably  in  height  the  self-fertilised 
plants.  On  the  other  hand,  the  crossed  and  self-ferti- 
lised plants  of  Mimulus  and  Primula  differed  to  an 
extreme  degree  in  innate  fertility,  but  by  no  means  to 
a  corresponding  degree  in  height  or  vigour. 

In  all  the  cases  of  self-fertilised  flowers  included  in 
Tables  E,  F,  and  G,  these  were  fertilised  with  their 
own  pollen  ;  but  there  is  another  form  of  self-fertilisa- 
tion,  viz,,  by  pollen   from  other  flowers  on  the  same 
plant;  but  this  latter  method  made  no  difference  in 
comparison  with  the  former  in  the  number  of  seeds 
produced,  or  only  a  slight  difference.     Neither  with 
Digitalis  nor  Dianthua  were  more  seeds  produced  by 
the  one  method  than  by  the  other,  to  any  trustworthy 
With  Ipomoea  rather  more  seeds,  in  the  pro- 
irtion  of  100   to   91,   were  produced  from   a   cross 
itween  flowers  on  the  same  plant  than  from  strictly 
"if-fertiliaed  flowers ;  but  I  have  reason  to  suspect  that 
j.'tiie  result  was  accidental.     With  Origanum  vidgare, 
however,  a  cross  between  flowers  on  plants  propagated 
by  stolons  from  the  same  stock  certainly  increased 
slightly  their  fertility.     This  likewise  occurred,  as  wa 
shall   see   in    the  next    section,   with   Eschscholtzia, 
irhaps  with  Gorydalis  cava  and  Oncidium ;  hut  not 
with  Bignonia,  Abntilon,  Tabemiemontana,  yenecio, 
id  apparently  Beseda  odorata. 

bBl/sterUe  Plants. 

The  cases  here  to  be  described  might  have   been 

Bitroduced  in  Table  F,  which  gives  the  relative  fer- 

''Jity  of  flowers  fertilised  with  their  own  pollen,  ami 
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with  that  from  a  distinct  plant ;  b«t  it  has  been  found 
more  convenient  to  keep  them  for  separate  discussion. 
The  present  cases  unist  not  be  confounded  with  those 
to  he  given  in  the  next  chapter  relatively  to  flowers 
which  are  sterile  when  insects  are  excluded  ;  for  such 
sterility  depends  not  merely  on  the  flowers  being 
incapable  of  fertilisation  with  their  own  pfjllen,  hut  on 
mechanical  causes,  by  which  their  pollen  is  prevented 
from  reaching  the  stigma,  or  on  the  pollen  and  stigma 
of  the  same  flower  being  matured  at  different  periods. 

In  the  seventeenth  chapter  of  my  'Variation  of 
Animals  and  Plants  under  Domestication 'I  had  occasion 
to  enter  fully  on  the  present  subject;  and  I  will  there- 
fore here  give  only  a  brief  abstract  of  the  cases  there 
described,  but  others  must  be  added,  as  they  have  an 
important  bearing  on  the  present  work.  Kolreutei 
long  ago  described  plants  of  Verbascum  pJiceniceum 
which  during  two  years  were  sterile  with  their  own 
pollen,  but  were  easily  fertilised  by  that  of  four  other 
species ;  these  plants  however  afterwards  became  more 
or  less  sell-fertile  in  a  strangely  fluctuating  manner. 
Mi.  Scott  also  found  that  this  species,  as  well  as  two  of 
its  varieties,  were  self-sterile,  as  did  Gartner  in  the 
case  of  Verbascum  nigrum.  So  it  was.  according  to 
this  latter  author,  with  two  plants  of  Lobelia  fvlgem, 
though  the  pollen  and  ovules  of  both  were  in  an 
efficient  state  in  relation  to  other  species.  Five  species 
of  Passiflora  and  certain  individuals  of  a  sixth  species 
have  been  found  sterile  with  their  own  pollen;  hut  slight 
changes  in  their  conditions,  such  as  being  grafted  on 
another  stock  or  a  change  of  temperature,  rendered 
them  self-fertile.  Flowers  on  a  completely  self-im- 
potent plant  of  Passiflora  alaia  fertilised  with  pollen 
from  its  own  self-imjiotent  seedlings  were  quite  fertile. 
Mr.  Scott,  and  afterwards  Mr,  Munro,  found  that  some 
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species  of  Oncidium  and  of  Maxillaria  cultivated  in  a 
hothyuae  in  Edinburgh  were  quite  sterile  with  their 
own  pollen;  and  Fritz  Miiller  found  this  to  be  the 
case  with  a  large  number  of  Orchidaceous  genera 
growing  in  their  native  home  of  South  Brazil."  He 
also  discovErcd  that  the  pollen-masses  of  some  orchids 
acted  on  their  own  stigmas  like  a  poison;  and  it 
appears  that  Gartner  formerly  observed  indications  of 
this  extraordinary  fact  in  the  case  of  some  other 
plants. 

Fritz  Miiller  also  states  that  a  species  of  Bignonia 
and  Taherneemontana  echinata  are  both  sterile  with 
their  own  pollen  in  their  native  country  of  Brazil,  t 
Several  Amaryllidaceous  and  Liliaceous  plants  are  in 
the  same  predicament.  Hildebrand  observed  with  care 
Corydalis  cava,  and  found  it  completely  self-sterile  ;f 
but  according  to  Caspary  a  few  self-fertilised  seeds 
are  occasionally  produced :  GorydaHa  kaUeri  is  only 
slightly  self-sterile,  and  C.  intermedia  not  at  all  so.  § 
Inanother  Fumariaceous genua,  Hypecoum,  Hildebrand 
observed  I]  that  K  grandifiorum  was  highly  aelf-aterile, 
whilst5".^-oeMmtens  was  fairly  self-fertile.  Thunberffia 
alata  kept  by  me  in  a  warm  greenhouse  was  self-sterile 
early  in  the  season,  but  at  a  later  period  produced 
many  spontaneously  self-fertilised  fruits.  So  it  was 
with  Papaver  vagum :  another  species,  P.  alpinum,  was 
found  by  Professor  H,  Hoffmann  to  be  quite  self- 
sterile  excepting  on  one  occasion  ;V  whilst  P.  somni- 
ferum  has  been  with  me  always  completely  self-fertile. 

Eachaoholtzii  GoJifornica.  —  This  species  deserves  a 
fuller   consideration.      A   plant   cultivated   by    Fritz 
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MfillerinSouthBraKilhappenedto  flower  a  month  before 
any  of  the  others,  and  it  did  not  produce  a  single 
capsule.  This  ind  him  to  make  further  observations 
during  the  next  nix  generations,  and  he  found  that  all 
his  plants  were  completely  sterile,  unless  they  were 
crossed  by  insects  or  were  artificially  fertilised  with 
pollen  from  a  distinct  plant,  in  which  case  they  were 
completely  fertile."  I  was  much  surprised  at  this  fact, 
as  I  had  found  that  English  plants,  when  covered  by 
a  net,  set  a  considerable  number  of  capsules ;  and  that 
these  contained  seeds  by  weight,  compared  with  those 
on  planta  intercrossed  by  the  bees,  as  71  to  100. 
Professor  Hildebrand,  however,  found  this  species 
much  more  self-sterile  in  Germany  than  it  was  with 
me  in  England,  for  the  capsules  produced  by  self- 
fertilised  flowers,  compared  with  those  from  intercrossed 
flowers,  contained  seeds  in  the  ratio  of  only  H  to  100. 
At  my  request  Fritz  Miiller  sent  me  from  Brazil  seeds 
of  his  self-sterile  plants,  from  which  I  raised  seedlings. 
Two  of  these  were  covered  with  a  net,  and  one  produced 
spontaneously  only  a  single  capsule  containing  no  good 
seeds,  but  yet,  when  artificially  fertilised  with  its  own 
pollen,  produced  a  few  capsules.  The  other  plant  pro- 
duced spontaneously  under  the  net  eight  capsules,  one 
of  which  contained  no  less  than  thirty  seeds,  and  on 
an  average  about  ten  seeds  per  capsule.  Eight  flowers 
on  these  two  plants  were  artificially  self-fertilised,  and 
produced  seven  capsules,  containing  on  an  average 
twelve  seeds ;  eight  other  flowers  were  fertilised  with 
pollen  from  a  distinct  plant  of  the  Brazilian  stock,  and 
produced  eight  capsules,  containing  on  an  average 
about  eighty  seeds  :  this  gives  a  ratio  of  15  seeds  for 
the   self-fertilised    capsules    to   100   for   the   crossed 
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capsules.  Later  in  the  season  twelve  other  flowers  on 
these  two  plants  were  artificially  self-fertiliBcd ;  but 
they  yielded  only  two  capsules,  containing  three  and 
six  seeds.  It  appears  therefore  that  a  lower  tem- 
perature than  that  of  Brazil  favours  the  self- fertility 
of  this  plant,  whilst  a  still  lower  temperature  lessens  it. 
As  soon  as  the  two  plants  which  had  heen  covered  by 
the  net  were  uncovered,  they  were  visited  by  many 
bees,  and  it  was  interesting  to  observe  how  quickly 
they  became,  even  the  more  sterile  plant  of  the  two, 
covered  with  young  capsules.  On  the  following  year 
eight  flowers  on  plants  of  the  Brazilian  stoclc  of  self- 
fertilised  parentage  {i.e.,  grandchildren  of  the  plants 
which  grew  in  Brazil)  were  again  self-fertilised,  and 
produced  five  capsules,  containing  on  an  average  27*4 
seeds,  with  a  maximum  in  one  of  forty-two  seeds ;  so 
that  their  self-fertility  had  evidently  increased  greatly 
by  being  reared  for  two  generations  in  England.  On 
the  whole  we  may  conclude  that  plants  of  the  Brazilian 
stock  are  much  more  self-fertile  in  this  country  than 
in  Brazil,  and  less  so  than  plants  of  the  English  stock 
in  England ;  so  thatthe  plants  of  Brazilian  parentage 
retained  by  inheritance  some  of  their  former  sexual 
constitution.  Conversely,  seeds  from  English  plants 
sent  by  me  to  Fritz  Miiller  and  grown  in  Brazil,  were 
much  more  self -fertile  than  his  plants  which  had  been 
cultivated  there  for  several  generations  ;  but  he  informs 
ine  that  one  of  the  plants  of  English  parentage  which 
did  not  flower  the  first  year,  and  was  thus  exposed  for 
two  seasons  to  the  climate  of  Brazil,  provetl  quite  self- 
sterile,  like  a  Brazilian  plant,  showing  how  quickly 
the  climate  had  acted  on  its  sesual  constitution. 
Abutilon  darwinii. — Seeds  of  this  plant  wen 
me  by  Fritz  Mtiller,  who  found  it,  as  well  as 
other  species  of  the  same  genus,  quite  sterile 


i  sent  ^J 


3M  SEI.F-STEniLE    I'LANTB.  CH*r.  IX. 

native  home  of  South  Brazil,  nnleas  fertiliBed  with 
]^>olIeii  from  a  diatinijl  pliint,  either  artificially  or 
naturally  by  humming-birds.'  Several  plants  were 
raiBeil  fr*>ra  these  acods  and  kept  in  the  hothoiiae. 
They  produced  flowers  very  early  in  the  spring,  and 
twenty  of  them  were  fertilised,  some  with  pollen  from 
the  same  flower,  and  some  with  pollen  from  other 
flowers  on  the  same  plants ;  but  not  a  single  capsnle 
was  thus  produced,  yet  the  stigmas  twenty -seven  hours 
after  the  application  of  the  pollen  were  penetrated  by 
the  pollen-tubes.  At  the  same  time  nineteen  flowers 
were  crossed  with  pollen  from  a  distinct  plant,  and 
these  produced  thirteen  capsules,  all  abounding  with 
fine  seeds.  A  greater  number  of  capsules  would  have 
been  produced  by  the  cross,  had  not  some  of  the  nine- 
teen flowers  -been  on  a  plant  which  was  afterwards 
proved  to  be  from  some  unknown  cause  completely 
sterile  with  pollen  of  any  kind.  Thus  far  these  planta 
behaved  exactly  like  those  in  Brazil ;  but  later  in  the 
season,  in  the  latter  part  of  May  and  in  June,  they 
began  to  produce  under  a  net  a  few  spontaneously 
aelf-fertiliaed '  capsules.  As  soon  as  this  occurred, 
sixteen  flowers  were  fertilised  with  their  own  pollen, 
and  these  produced  five  capsules,  containing  on  an 
average  3"4  seeds.  At  the  same  time  I  selected  by 
chance  four  capsules  from  the  uncovered  plants  grow- 
ing close  by,  the  flowers  of  which  I  had  seen  visited 
by  humble-bees,  and  these  contained  on  an  average 
21  ■  5  seeds ;  so  that  the  seeds  in  the  naturally  inter- 
eroflsed  capsules  to  those  in  the  self-fertilised  capsules 
were  as  100  to  16.  The  interesting  point  in  this  case 
is  that  these  plants,  which  were  unnaturally  treated 
by  being  grown  in  pot«  in  a  hothouse,  under  another 

*  '  Jeiiuiacbe  Zi-itsaiu-.  fiir  Nataiwies.'  II.  ?ii.  1872,  p.  22,  and  }BT!I 
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lieinisphere,  with  a  complete  reversal  of  the  seasons, 
were  thus  rendered  slightly  self-fertile,  whereas  they 
seem  always  to  be  completely  self-sterile  in  their 
native  home. 

Senecio  erueiiiiis  (greenhouse  varieties,  comirymly 
called  Cinerarias,  probaMt/  derived  from  several  /rutieosa 
or  herbaceous  species  muah  iTitercrossed*). — Two  purple- 
Howered  varieties  were  plaoed  under  a  net  in  the 
greenhouse,  and  four  corymbs  on  each  were  re- 
peatedly brushed  with  flowers  from  the  other  plant, 
so  that  their  stigmas  were  well  covered  with  each 
other's  pollen.  Two  of  the  eight  corymbs  thus  treated 
produced  very  few  seeds,  but  the  other  aix  produced 
on  an  average  41  '3  seeds  per  corymb,  and  these  ger- 
minateti  well.  The  stigmas  on  four  other  corymbs  on 
both  plants  were  well  smeared  with  pollen  from  the 
ftowers  on  their  own  corymbs ;  these  eight  corymbs 
produced  altogether  ten  extremely  poor  seeds,  which 
proved  incapable  of  germinating.  1  examined  many 
flowers  on  both  plants,  and  found  the  stigmas  spontar 
neously  covered  with  pollen ;  but  they  produced  not  a  . 
single  seed.  These  plants  were  afterwards  left  un- 
covered in  the  same  house  where  many  other  Cinerarias 
were  in  flower ;  and  the  flowers  were  frequently  visited 
by  bees.  They  then  produced  plenty  of  seed,  but  one 
of  the  two  plants  leas  than  the  other,  as  this  species 
shows  some  tendency  to  be  ditecioua. 

The  trial  was  repeated  on  another  variety  with 
white  petals  tipped  with  red.  Many  stigmas  on  two 
corymbs  were  covered  with  pollen  from  the  foregoing 
purple  variety,  and  these  produced  eleven  and  twenty- 

•  I  am   mach  obliged  to  Mr.  lievea  that  Senan'u  ementat,   ttu- 

Moore  aud  to  M/.  Tliiacltoti  D.vor  lilagtnia,  und    perhafia  herilltiri, 

lilt  gising   me    information    vsilh  nvulensnns  ami  populifolitu  have 

reepect  lii  the  VBrieti<!a  on  wlixli  nil  been  more  oi-  lera  blended  b 
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two  seeds,  which  germinated  well.  A  large  number  of 
the  stigmas  on  several  of  the  other  corymbs  were  re- 
peatedly smeared  with  pollen  from  their  own  corymb ; 
but  they  yielded  only  five  very  poor  seeds,  which  were 
incapable  of  germination.  Therefore  the  above  three 
plants  belonging  to  two  varieties,  though  growing 
vigorously  and  fertile  with  pollen  from  either  of  the 
other  two  plants,  were  utterly  sterile  with  pollen  from 
other  flowers  on  the  same  plant. 

Reseda  odorata. — Having  observed  that  certain  in- 
dividuals were  self  sterile,  I  covered  during  the 
summer  of  1868  seven  plants  under  separate  nets,  and 
wiU  call  these  plants  A,  B,  C,  D,  E,  F,  G.  They  all 
appeared  to  be  quite  sterile  with  their  own  pollen, 
but  fertile  with  that  of  any  other  plant. 

Fourteen  flowers  on  A  were  crossed  with  poUeD 
from  B  or  C,  and  produced  thirteen  fine  capsules. 
Sixteen  flowers  were  fertilised  with  pollen  from  other 
flowers  on  the  same  plant,  but  yielded  not  a  single 
capsule. 

Fourteen  flowers  on  B  were  crossed  with  pollen 
from  A,  C,  or  D,  and  all  produced  capsules ;  some  of. 
these  were  not  very  fine,  yet  they  contained  plenty  of 
seeds.  Eighteen  flowers  were  fertilised  with  pollen 
from  other  flowers  on  the  same  plant,  and  produced 
not  one  capsule. 

Ten  flowers  on  C  were  crossed  with  pollen  from  A, 
B,  D,  or  E,  and  produced  nine  fine  capsules.  Nineteen 
flowers  were  fertilised  with  pollen  from  other  flowers 
on  the  same  plant,  and  produced  no  capsules. 

Ten  flowers  on  D  were  crossed  with  pollen  from 
A,  B,  C,  or  E,  and  produced  nine  fine  capsules. 
Eighteen  flowers  were  fertilised  with  pollen  from  other 
flowers  on  the  same  plant,  and  produced  no  capsules. 

Seven  flowers  on  E  were  crossed  with  pollen  from 
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A,  C,  or  D,  aud  all  produced  fine  capsules.  Eight 
flowers  were  fertilised  witL  pollen  from  other  flowers 
on  the  same  plant,  and  produced  no  capsules. 

On  the  plants  F  and  G-  no  flowers  were  crossed,  bat 
very  many  (number  not  recorded  1  were  fertilised  with 
pollen  from  otlier  flowers  on  the  same  plants,  and  these 
did  not  produce  a  single  capsule. 

We  thus  see  that  fifty-five  flowers  on  five  of  the 
above  plants  were  reciprocally  crossed  in  various  ways ; 
several  flowers  on  each  of  these  plants  being  ferti- 
lised with  pollen  from  several  of  the  other  plants. 
Those  fifty-five  flowers  produced  fifty-two  capsules, 
almost  all  of  which  were  of  full  size  and  contained 
an  abundance  of  seeds.  On  the  other  hand,  seventy- 
nine  flowers  (besides  many  others  not  recorded)  were 
fertilised  with  pollen  from  other  flowers  on  the  same 
plants,  and  these  did  not  produce  a  single  capsule. 
In  one  case  in  which  I  examined  the  stigmas  of  the 
flowers  fertilised  with  their  own  pollen,  these  were 
penetrated  by  the  pollen-tubes,  although  such  pene- 
tration produced  no  effect.  Pollen  falls  generally, 
and  I  believe  always,  from  the  anthers  on  the  stigmas 
of  the  same  flower ;  yet  only  three  out  of  the 
above  seven  protected  plants  produced  spontaneously 
any  capsules,  and  these  it  might  have  been  thought 
must  have  been  self-fertilised.  There  were  altogether 
seven  such  capsules ;  but  as  they  were  all  seated  close 
to  the  artificially  crossed  flowers,  I  can  hardly  doubt 
that  a  few  grains  of  foreign  pollen  had  accidentally 
fallen  on  their  stigmas.  Besides  the  above  seven 
plants,  four  others  were  kept  covered  under  the  same 
large  net ;  and  some  of  these  produced  here  and 
there  in  the  most  capricious  manner  little  groups 
of  capsules ;  and  this  makes  me  believe  that  a  bee, 
many  of  which  settled  on  the  outside  of  the  net,  being 
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attracted  by  the  odour,  had  on  some  one  occasion 
found  an  Hntrnnue,  and  had  intercrossed  a  few  of  the 
flowers. 

In  the  spring  of  1869  four  plants  raised  from  fresh 
seeds  were  carefully  protected  under  separate  nets; 
and  now  the  result  was  widely  difTerent  to  what  it  was 
before.  Three  of  these  protected  plants  became  actnally 
loaded  with  capsules,  especially  during  the  early  part 
of  the  summer ;  and  this  fact  indicates  that  tempera- 
ture produces  some  effect,  but  the  esperiment  given 
in  the  following  paragraph  shows  that  the  innate  con- 
stitution of  the  plant  is  a  far  more  important  element. 
The  fourth  plant  produced  only  a  few  eapBules,  many 
of  them  of  small  size  ;  yet  it  was  far  more  self-fertile 
than  any  of  the  seven  plants  tried  during  the  previous 
year.  The  flowers  on  four  small  branches  of  this 
semi-self-sterile  plant  were  smeared  with  pollen  from 
one  of  the  other  plants,  and  they  all  produced  fine 
capsules. 

As  I  was  mnch  surprised  at  the  difference  in  the 
results  of  the  trials  made  during  the  two  previous 
years,  six  fresh  plants  were  protected  by  separate  nets 
in  the  year  1870.  Two  of  these  proved  almost  com- 
pletely self-sterile,  for  on  carefully  searching  them  I 
fonnd  only  three  small  capsules,  each  containing  either 
one  or  two  seeds  of  small  size,  which,  however,  ger- 
minated. A  few  flowers  on  both  these  plants  were 
reciprocally  fertilised  with  each  other's  pollen,  and 
a  few  with  pollen  from  one  of  the  following  self- 
fertile  plants,  and  all  these  flowers  produced  fine 
capsules.  The  four  other  plants  whilst  still  remaining 
protected  beneath  the  nets  presented  a  wonderful 
contrast  (though  one  of  them  in  a  somewhat  less 
degree  than  the  others),  for  they  became  actually 
I'overed  with  spontaneously  self-fertiUsed  capsules,  as 
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jmmerous  as,  or  very  nearly  so,  and  aa  fine  as  those 
OQ  the  unprotected  plants  growing  near. 

The  above  three  spontaneoualy  self-fertilised  cap- 
sules produced  by  the  two  almost  completely  self- 
sterile  plants,  contained  altogether  five  seeds ;  and 
from  these  I  raised  in  the  following  year  (1871)  five 
plants,  which  were  kept  under  separate  nets.  They 
grew  to  aa  extraordinarily  large  size,  and  on  August 
29th  were  examined.  At  first  sight  they  appeared 
entirely  destitute  of  capsules  ;  but  on  carefully  search- 
ing their  many  branches,  two  or  three  capsules  were 
found  on  three  of  the  plants,  half-a-dozen  on  the 
fourth,  and  about  eighteen  on  the  fifth  plant.  Bat  all 
these  capsules  were  small,  some  being  empty ;  the 
greater  number  contained  only  a  single  seed,  and  very 
rarely  more  than  one.  After  this  examination  the 
nets  were  taken  off,  and  the  bees  immediately  carried 
pollen  from  one  of  these  almost  self-sterile  plants 
to  the  other,  for  no  other  plants  grew  near.  After  a 
few  weeks  the  ends  of  the  branches  on  all  five  plants 
became  covered  with  capsules,  presenting  a  curious 
contrast  with  the  lower  and  naked  parts  of  the  same 
long  branches.  These  five  plants  therefore  inherited 
almost  exactly  the  same  aexnal  constitution  as  their 
parents ;  and  without  doubt  a  self-sterile  race  of 
Mignonette  could  have  been  easily  established. 

Reseda  lutea, — Plants  of  this  species  were  raised 
from  seeds  gathered  from  a  group  of  wild  plants  grow- 
ing at  no  great  distance  from  my  garden.  After 
casually  observing  that  some  of  these  plants  were  self- 
sterile,  two  plants  taken  by  hazard  were  protected 
under  separate  nets.  One  of  these  soon  became 
covered  with  spontaneously  self-fertilised  capsules,  as 
Dumerous  as  those  on  the  surrounding  unprotected 
plants;    so   that   it   was   evidently  quite  self-fertile. 
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The  other  plant  was  partially  self-aterile,  producing 
very  few  capsules,  many  of  which  were  of  small 
size.  When,  however,  this  plant  had  grown  tall, 
the  uppermost  branches  became  pressed  against  the 
net  and  grew  crooked,  and  in  this  position  the  bees 
were  able  to  suck  the  flowers  through  the  meshes,  and 
brought  pollen  to  thtim  from  the  neighbouring  plante. 
These  branches  then  became  loaded  with  capsules; 
the  other  and  lower  branches  remaining  almost  bare. 
The  sexual  constitution  of  this  species  is  therefore 
similar  to  that  of  Beseda  odorata. 


Concluding  Bemarks  on  sdf-slerile  Plants. 

In  order  to  favour  as  far  as  possible  the  self-fer- 
tilisation of  some  of  the  foregoing  plants,  all  the 
flowers  on  Bweda  odorata  and  some  of  those  on  the 
Abutilon  were  fertilised  with  pollen  &om  other 
flowers  on  the  same  plant,  instead  of  witb  their  own 
pollen,  and  in  the  case  of  the  Seneeio  with  pollen  from 
other  flowera  on  the  same  corymb;  but  this  made  no 
difference  in  the  result.  Frit^  Muller  trifd  both  kinds 
of  self  fertilisation  in  the  case  of  Biguonia,  TabemiB- 
montana  and  Abutilon,  likewise  with  no  difference  in 
the  result.  With  Eachsclioltzia,  however,  he  found 
that  pollen  from  other  flowers  on  the  same  plant 
was  a  little  more  effective  than  pollen  from  the 
same  flower.  So  did  Hildebrand"  in  Goi-many ;  as 
thirteen  out  of  fourteen  flowers  of  Eachscholtzia  thus 
J'ertUised  set  mpsules,  these  containing  on  an  average 
^^  9  ■  5  seeds  ;  whei'eas  only  fourteen  flowers  out  of  twcnty- 
^^L  one  fertilised  witb  their  own  pollen  set  capsules, 
^^M       these  containing  on  an  average  9*0  seeds.    Hildebrand 
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found  a  trace  of  a  similar  differeaot!  witli  Gori/dalis 
cava,  aa  did  Fritz  Miiller  witli  au  Oncidiuni.* 

In  considering  the  several  cases  above  given  of 
complete  or  almost  complete  selt'-aterility,  we  are  first 
struck  with  their  wide  distribution  throughout  the 
vegetable  kingdom.  Their  number  is  not  at  present 
large,  for  they  can  be  discovered  only  by  protecting 
plants  from  insects  and  then  fertilising  them  with 
pollen  from  another  plant  of  the  same  species  and  with 
their  own  pollen ;  and  the  latter  must  be  proved  to 
be  in  an  efficient  state  by  other  trials.  Unless  all 
this  be  done,  it  is  impossible  to  know  whether  their 
self-sterility  may  not  be  due  to  the  male  or  female 
reproductive  organs,  or  to  both,  having  been  affected 
by  changed  conditions  of  life.  As  in  the  course  of  my 
experiments  I  have  found  three  new  cases,  and  aa  Fritz 
M^ler  has  observed  indications  of  several  others,  it  ia 
probable  that  they  will  hereafter  be  proved  to  be  far 
from  rare.f 

As  with  plants  of  the  same  species  and  parentage, 
some  individuals  are  self-sterile  and  others  self-fertile, 
of  which  fact  Reseda  odornta  offers  the  most  striking 
instances,  it  is  not  at  all  surprising  that  species  of 
the  same  genus  differ  in  this  aamo  manner.  Thus 
Verhascum  phoeniceum  and  nigrum  are  self- sterile,  whilst 
V.  thapsus  and  lychnitis  are  quite  self-fertile,  as  I 
know  by  trial.  There  ia  the  same  difference  between 
some  of  the  species  of  Papaver,  Corydalis,  and  of  other 
genera.  Nevertheless,  the  tendency  to  self-sterility 
certainly  runs  to  a  certain  extent  in  groups,  as  we  sea 

'  VBriiitiDa    uodw   DameBti-  Clicooiole,'  laSS,  p.  1386)  Btntsa 

■Btion.'  ohnp.  xvii.  2nd  edit.  Tol.  t)iat   Lilitim  iiurafum,  Impatieiu 

ii  pp.  113-115.  paUvia  ari<l  /ulna,  oaA  FongOua 
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in  the  geuUB  PassifloTa,  and  witb  the  Vandeee  amongst 
Otchida. 

Sell-sterility  iliffera  much  in  degree  in  different 
plants.  In  those  extraordinary  casea  in  which  pollen 
frum  the  same  flower  acts  on  the  stigma  like  a  poison, 
it  is  almost  certain  that  the  plants  would  never  yield  a 
single  seli'-fertilised  seed.  Other  plants,  like  Corydalw 
cava,  occasionally,  thtiiigh  very  rarely,  produce  a  few 
self-fertilised  seeds.  A  large  number  of  species,  as 
may  be  seen  in  Table  F,  are  less  fertile  with  their  own 
pollen  than  witb  that  from  another  plant ;  and  lastly, 
some  species  are  perfectly  self-fertile.  Even  with  the 
individuals  of  the  same  species,  as  just  remarked, 
some  are  utterly  self-sterile,  others  moderately  so,  and 
some  perfectly  self-fertile.  The  cause,  whatever  it  may 
be,  which  renders  many  plants  more  or  less  sterile 
with  their  own  pollen,  that  is,  when  they  are  self- 
fertilised,  must  be  different,  at  least  to  aeertain  extent, 
from  that  which  determines  the  difference  in  heiglit, 
vigour,  and  fertility  of  the  seedlings  raised  from  self- 
fertilis£fd  and  crossed  seeds;  for  we  have  already 
seen  that  the  two  classes  of  cases  do  not  by  any  means 
run  parallel.  This  want  of  parallelism  would  be 
intelligible,  if  it  could  be  shown  that  self-sterility 
depended  solely  on  the  tncapft<uty  of  the  pollen-tubea 
to  penetrate  the  stigma  of  the  same  flower  deeply 
enough  to  reach  the  ovules  ;  whilst  the  greater  or  less 
vigorous  growth  of  the  seedlings  no  doubt  depends  on 
the  nature  of  the  contents  of  the  pollen-grains  and 
ovules.  Mow  it  is  certain  that  with  some  plants  the 
stigmatic  secretion  does  not  properly  excite  the  pollen- 
grains,  so  that  the  tubes  are  not  properly  developed, 
if  the  pollen  ia  taken  from  the  same  flower.  Thia  is 
the  ease  according  to  Fritz  Miiller  with  Eschscboltzio, 
.for  be  found  that  the  pollen-tubes  did  not  penetrate 
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the  stigma  deeply  ;*  and  witli  the  Orchidaceous  genus 
Notyiia  they  failed  altogether  to  penetrate  it. 

With  dimorphic  and  trimorphic  species,  an  illegiti- 
mate union  between  plants  o(  the  same  form  presents 
the  closest  analogy  with  seK- fertilisation,  whilst  a 
legitimate  union  closely  resembles  cross-fertiliaatiou ; 
and  here  again  the  lessened  fertility  or  complete 
sterility  of  an  illegitimate  union  depends,  at  least  in 
part,  on  the  incapacity  for  interaction  between  the 
pollen-grains  and  stigma.  Thus  with  Linum  grandi- 
floTiim,  as  I  have  elsewhere  shown,t  not  more  than  two 
or  three  out  of  himdreds  of  pollen-grains,  either  of  the 
long-styled  or  short-styled  form,  when  placed  on  the 
stigma  of  their  own  form,  emit  their  tubes,  and  these 
do  not  penetrate  deeply;  nor  does  the  stigma  itself 
change  colour,  as  occurs  when  it  is  legitimately 
fertilised. 

On  the  other  hand  the  difference  in  innate  fertility, 
as  well  as  in  growth  between  plants  raised  from  crossed 
and  self-fertilised  seeds,  and  the  difference  in  fertility 
and  growth  between  the  legitimate  and  illegitimate 
offspring  of  dimorphic  and  trimorphic  plants,  must 
depend  on  some  incompatibility  between  the  sesual 
elements  contained  within  the  pollen-grains  and  ovules, 
as  it  is  through  their  union  that  new  organisms  are 
developed. 

If  we  now  turn  to  the  more  immediate  cause  of 
flelf-sterility,  we  clearly  see  that  in  most  cases  it  is  de- 
termined by  the  conditions  to  which  the  plants  have 
been  subjected.  Thus  Eschacholtzia  is  completely  self- 
sterile  in  the  hot  climate  of  Brazil,  but  is  perfectly 
fertile  there  with  the  pollen  of  any  other  individual. 
The  offspring  of  Brazilian  plants  became  in  England 

■  'BoC.  Zeitung,'  18ti8,pp.ll4, 
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in  a  single  generation  partially  self-fertile,  and  still 
more  so  in  the  second  generation.  Converselv,  the 
offspring  of  English  plants,  after  growing  for  two 
seasons  in  Brazil,  became  in  the  first  generation  quite 
eelf-sterile.  Again,  AbutUon  darwinii,  which  is  self- 
sterile  in  its  native  homo  of  Brazil,  became  mode- 
rately self-fertile  in  a  single  generation  in  an  English 
hothouse.  Some  other  plants  are  aelf-sterile  during  the 
early  part  of  the  year,  and  later  in  the  season  become 
self-fertile.  Fasaijiora  alata  lost  its  self-sterility  when 
grafted  on  another  species.  With  Reseda,  however, 
in  which  some  individuals  of  the  same  parentage  are 
self-sterile  and  others  are  self-fertile,  we  are  forced  in 
our  ignorance  to  speak  of  the  cause  as  due  to  spon- 
taneous variability ;  but  we  should  remember  that  the 
progenitors  of  these  plants,  either  on  the  male  or 
female  side,  may  have  been  exposed  to  somewhat 
different  conditions.  The  power  of  the  environment 
thus  to  affect  so  readily  and  in  so  peculiar  a  manner 
the  reproductive  organs,  is  a  fact  which  has  many 
important  bearings ;  and  I  have  therefore  thought 
the  foregoing  details  worth  giving.  For  instance,  the 
sterility  of  mauy  animals  and  plants  under  changed 
conditions  of  life,  such  as  confinement,  evidently  comee 
within  the  same  general  principle  of  the  sesual 
system  being  easily  iifl'ected  by  the  environment.  It 
has  already  been  proved,  that  a  cross  between  plants 
which  have  been  self-fertilised  or  intercrossed  during 
several  generations,  having  been  kept  all  the  time 
under  closely  similar  conditions,  does  not  benefit 
the  offspring;  and  on  the  other  hand,  that  a  cross 
between  plants  that  have  been  subjected  to  different 
conditions  benefits  the  offspring  to  an  extraordinary 
degree.  We  may  therefore  conclude  that  some  degree 
of  differentiation  in  the  sexual  system  is  necessary  for 
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tlie  fall  fertility  of  the  parent-planta  and  for  the  full 
vigour  of  their  offspring.  It  seems  also  probable  that 
with  those  plants  which  are  capable  of  complete  self- 
fertiliaation,  the  male  and  female  elements  and  organs 
already  differ  to  an  extent  sufficient  to  excite  their 
mutual  interaction ;  but  that  when  such  plants  are 
taken  to  another  country,  and  become  in  consequence 
self-sterile,  their  sexual  elements  and  organs  are  so 
acted  on  aa  to  be  rendered  too  uniform  for  such  inter- 
action, like  those  of  a  self- fertilised  plant  long 
cultivated  under  the  same  conditions.  Conversely,  we 
may  further  infer  that  plants  which  are  self-sterile  in 
their  native  country,  but  become  self-fertile  under 
changed  conditions,  have  their  sexual  elements  so  acted 
on,  that  they  become  sufficiently  differentiated  for 
mutual  interaction. 

We  know  that  self-fertilised  seedlings  are  inferior  in 
many  respects  to  those  from  a  cross ;  and  as  with 
plants  in  a  state  of  nature  pollen  from  the  same 
flower  can  hardly  fail  to  be  i^ften  left  by  insects  or  by 
the  wiud  on  the  stigma,  it  seema  at  first  sight  highly 
probable  that  self-sterility  has  been  gradually  acquired 
through  natural  selection  in  order  to  prevent  self- 
fertilisation.  It  is  no  valid  objection  to  this  belief 
that  the  structure  of  some  flowers,  and  the  dichogamous 
condition  of  many  others,  suffice  to  prevent  the  pollen 
reaching  the  stigma  of  the  same  flower ;  for  we  should 
remember  that  with  most  species  many  flowers 
expand  at  the  same  time,  and  that  pollen  from  the 
same  plant  is  equally  injurious  or  nearly  so  as 
that  from  the  same  flower.  Nevertheless,  the  belief 
that  self-aterility  is  a  quality  which  has  been  gradually 
acquired  for  the  special  purpose  of  preventing  self- 
fertilisation  must,  I  believe,  be  rejected.  In  the 
flrst  place,  there  is  no  close  correspondence  in  degree 
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between  the  sterility  of  the  pareut-plaiita  when  self- 
fertilised,  and  the  ext<?nt  to  which  thoir  offspriug  suffer 
in  vigour  by  this  process ;  and  some  such  correspon- 
dence might  have  been  expected  if  self-sterility  had 
been  acquired  on  account  of  the  injury  caused  by  self- 
fertilisation.  The  fact  of  individuals  of  the  same 
parentage  differing  greatly  in  their  degree  of  self- 
sterility  is  likewise  opposed  to  such  a  belief;  unless, 
indeed,  we  suppose  that  certain  individuals  have 
been  rendered  self-aterile  to  favour  intercrossing, 
whilst  other  individuals  have  been  rendered  self- 
fertile  to  enauro  the  propagation  of  the  species.  The 
fact  of  self-sterile  individuals  appearing  only  occa- 
sionally, as  in  the  case  of  Lobelia,  does  not  counte- 
nance this  latter  view.  But  the  strongest  argument 
against  the  belief  that  self-sterility  has  been  acquired 
to  prevent  self- fertilisation,  ie  the  immediate  and 
powerful  effect  of  changed  conditions  in  either  causing 
or  in  removing  self-sterility.  We  are  not  therefore 
justified  in  admitting  that  this  peculiar  state  of  the 
repiofluctive  system  has  been  gradually  acquired 
through  natural  selection  ;  but  we  must  look  at  it  as 
an  incidental  result,  dependent  on  the  conditions  to 
which  the  plants  have  been  subjected,  like  the  ordinary 
sterility  caused  in  the  case  of  animals  by  confinement, 
and  in  the  case  of  plants  by  too  much  manure,  heat,  &c. 
I  do  not,  however,  wish  to  maintain  that  self- sterility 
may  not  sometimes  be  of  service  to  a  plant  in  preventing 
self-fertilisation ;  but  there  are  so  many  other  means 
by  which  this  result  might  be  prevented  or  rendered 
difficult,  including  as  we  shall  see  in  the  next  chapter 
the  prepotency  of  pollen  from  a  distinct  individual 
over  a  plant's  own  pollen,  that  self- sterility  seems  an 
almost  superfluous  acquirement  for  this  purpose. 
Finally,  the  most  interesting  pint  in  regard  to  self- 
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sterile  plants  is  the  evidence  which  they  afford  of  the 
adrantage,  or  rather  of  the  necessity,  of  some  degree  or 
kind  of  differentiation  in  the  sexnal  elements,  in  order 
tliiit  they  should  unite  and  give  birth  to  a  new  being. 
It  was  ascertained  that  the  five  plants  of  Reseda  odorata 
wliich  were  selected  by  chance,  could  be  perfectly 
fertilised  by  pollen  taken  from  any  one  of  them,  but 
not  by  their  own  pollen ;  and  a  few  additional  trials 
wore  made  with  some  other  individuals,  which  I  have 
not  thought  worth  recording.  So  again,  Hildebrand 
and  Fritz  Miiller  frequently  speak  of  self-sterile  plants 
being  fertile  with  the  pollen  of  any  other  individual ; 
aad  if  there  had  been  any  exceptions  to  the  rule,  these 
could  hardly  have  escaped  their  observation  and  my 
own.  We  may  therefore  confidently  assert  that  a 
self-sterile  plant  can  be  fertilised  by  the  pollen  of  any 
one  out  of  a  thousand  or  ten  thousand  individuals  of 
the  same  species,  but  not  by  its  ovra.  Now  it  is 
obviously  impossible  that  the  sexual  organs  and 
elements  of  every  individual  can  have  been  specialised 
with  respect  to  every  other  individual.  But  there 
is  no  difficulty  in  believing  that  the  sexual  elements 
of  each  differ  slightly  in  the  same  diveraified  manner 
as  do  their  external  characters ;  and  it  has  often  been 
remarked  that  no  two  individuals  are  absolutely 
alike.  Therefore  we  can  hardly  avoid  the  conclusion, 
that  differences  of  an  analogous  and  indefinite  nature 
in  the  reproductive  system  are  sufficient  to  excite  the 
mutual  action  of  the  sexual  elements,  and  that  imless 
there  be  such  differentiation  fertility  fails. 

Tlie  apffearance  of  higMy  sdf'fertUe  Varieties. —Vie 
have  just  seen  that  the  degree  to  which  flowers  are 
capable  of  being  fertilised  with  their  own  pollen  differs 
much,  both  with  the  si>ecie3  of  the  same  genus,  aud 
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BometimeB  with  the  individuals  of  the  aame  species. 
Some  allied  cases  of  the  appearance  of  varietieB  which, 
wheu  self-fertilised,  yield  more  seed  and  produce  off- 
spring growing  taller  than  their  eel f-ferti Used  parents, 
f»r  than  the  intercroaaed  plants  of  the  correapondiug 
geueration,  will  now  be  considered. 

Firstly,  in  the  third  and  fourth  generations  of 
MimuIuB  luleus,  a  tall  variety,  often  alluded  to, 
having  large  white  How  ore  blotched  with  crimson, 
appeared  amongst  both  the  intercrossed  and  self- 
fertilised  plants.  It  prevailed  in  all  the  later  self- 
fertilised  generations  to  the  exclusion  of  every  other 
variety,  and  transmitted  its  charactere  faithfully,  but 
disappeared  from  the  intercrossed  plants,  owing  no 
doubt  tu  their  characters  being  repeatedly  blended  by 
crfjssing.  The  self  fertilised  plants  belonging  to  thia 
variety  were  not  only  taller,  but  more  fertile  than  the 
intercrossed  plants  ;  though  these  latter  in  the  earlier 
generations  were  much  taller  and  more  fertile  thau  the 
self-fertilised  plants.  Thus  in  the  fifth  generation  the 
self-fertilised  plants  were  to  the  intercrossed  in  height 
as  126  to  100.  In  the  sixth  generation  they  were 
likewise  mufh  taller  and  finer  plants,  but  were  not 
actually  measured;  they  produced  capsules  compared 
with  those  on  the  intercrossed  plants,  in  number,  as  147 
to  100;  and  the  self-fertilised  capsules  contained  a 
greater  number  of  seeds.  In  the  seventh  generation 
the  self- fertilised  plants  were  to  the  crossed  in  height 
as  137  to  100;  and  twenty  flowers  on  these  self-fer- 
tilised plants  fertilised  with  their  own  puUen  yielded 
nineteen  very  fine  capsules, — a  degi-eo  of  sell-fertility 
which  I  have  not  seen  equalled  in  any  other  case.  This 
variety  seems  to  have  become  specially  adapted  to  profit 
in  every  way  by  self-fertilisation,  although  this  process 
was  BO  injurious  to  the  parent-plants  during  the  first 


HELF-FERTILE    VARTETJ 


four  generations.  It  sliould  liowevor  be  remembered 
that  sfiedlings  raised  from  this  variety,  when  crossed  by 
a  fresh  stock,  were  wonderfully  superior  in  height  and 
fertility  to  the  self-fertilised  plants  of  the  corresponding 


Secondly,  in  the  sixth  self-fertilised  generation  of 
Ipomcea  a  single  plant  named  the  Hero  appeared,  which 
exceeded  by  a  little  in  height  its  intercrossed  opponent, 
— a  case  which  had  not  occurred  in  any  previous 
generation.  Hero  transmitted  the  peculiar  colour  of 
its  flowers,  as  well  as  its  increased  tallness  and  a  high 
dcyree  of  self-fertility,  to  its  children,  grandchildren, 
and  great-grandchildren.  The  self-fertilised  children 
of  Hero  were  in  height  to  other  self-fertilised  plants 
of  the  same  stock  as  100  to  85.  Ten  self-fertiliaed 
capsules  produced  by  the  grandchildren  contained  on 
an  average  5 "2  seeds;  and  this  is  a  higher  average 
than  was  yielded  in  any  other  generation  by  the 
capsules  of  self-fertilised  flowers.  The  great-grand- 
children of  Hero  derived  from  a  cross  with  a  fresh 
stock  were  so  unhealthy,  from  having  been  grown  at 
an  unfavourable  aeaaon,  that  their  average  height  in 
compariaou  with  that  of  the  self-fertilised  plants 
cannot  be  judged  of  with  any  safety ;  but  it  did  not 
appear  that  they  had  profited  even  by  a  cross  of  this 
kind. 

Thirdly,  the  plants  of  Nicotiana  on  which  I  experi- 
mented appear  to  come  under  the  present  class  of 
cases ;  for  they  varied  in  their  sexual  constitution 
and  were  more  or  less  highly  self-fertile.  They 
were  probably  the  offspring  of  plants  which  bad  been 
spontaneously  aelf-fertilised  under  glass  for  several 
generations  in  this  country.  The  Uowera  on  the 
parent-plants  which  were  first  fertilised  by  me  with  their 
own  pollen  yielded  half  again  as  many  seeds  as  did 
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thone  which  were  crossed ;  and  the  Beedlings  ruised 
from  these  self-fertilised  seeds  ext-eedod  in  height 
those  raised  I'roiii  the  crossed  seeds  to  an  extraordinary 
degree.  In  the  second  and  third  generations,  although 
the  sol f-ferti Used  plants  did  not  exceed  the  crossed  in 
height,  yet  their  self- fertilised  flowers  yielded  on  two 
occasions  considerably  more  seeds  than  the  crossed 
flowers,  even  than  those  which  were  crossed  with  pollen 
from  a  distinct  stock  or  variety. 

Lastly,  as  certain  individual  plants  of  Reseda  odorata 
and  lidea  are  incomparably  more  self-fertile  than  other 
individuals,  the  former  might  be  included  under  the 
present  heading  of  the  appearance  of  new  and  highly 
selt'-fortile  varieties.  But  in  this  case  we  should  have 
to  look  at  these  two  species  as  normally  sell-sterile ; 
and  this,  judging  by  my  experience,  appears  to  be  the 
correct  view. 

We  may  therefore  conclude  from  the  facts  now  given, 
that  varieties  sometimes  arise  which  when  self-fer- 
tilised possess  an  increased  power  of  producing  seeds 
and  of  growing  to  a  greater  height,  than  the  inter- 
crossed or  self-fertilised  plants  of  the  corresponding 
generation— all  the  plants  being  of  course  subjected 
to  the  same  conditions.  The  appearance  of  such 
varieties  is  interesting,  aa  it  bears  on  the  existence 
under  nature  of  plants  which  regularly  fertilise  them- 
selves,  such  as  Ophrys  api/era  and  a  few  other  orchids, 
or  as  Leeraia  ort/xoides,  which  produces  an  abundance 
of  cleistogene  flowers,  but  most  rarely  flowers  capable 
of  cross -fertilisation. 

Some  observations  made  on  other  plants  lead  me 
to  suspect  that  self-fertilisation  is  in  some  respects 
beneficial;  although  the  benefit  thus  derived  is  as  a 
ale  very  small  compared  with  that  from  a  ctobh  with 
a,  distinct  plant.    Thus  we  have  seen  in  the  lost  chapter 
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that  eeedlings  of  Ipomoea  and  Mimnlua  raised  from 
flowers  fertilised  with  their  own  pollen,  which  is  the 
strictest  possible  form  of  self- fertilisation,  were  superior 
ID  height,  weight,  and  in  early  flowering  to  the  seedlings 
raised  from  flowera  crossed  with  pollen  from  other  flowers 
on  the  same  plant ;  and  this  superiority  apparently  was 
too  strongly  marked  to  be  accidental.  Again,  the  cul- 
tivated varieties  of  the  common  pea  are  highly  self- 
fertile,  although  they  have  been  self- fertilised  for  many 
generations ;  and  they  exceeded  in  height  seedlings 
from  a  cross  between  two  plants  belonging  to  the  same 
variety  in  the  ratio  of  115  to  100 ;  but  then  only  four 
pairs  of  plants  were  measured  and  compared.  The 
self-fertility  of  Primtda  vcria  increased  after  several 
generations  of  illegitimate  fertilisation,  which  is  a 
process  closely  analogous  to  self-fertilisation,  but  only 
as  long  as  the  plants  were  cultivated  under  the  same 
favourable  conditions,  I  have  also  elsewhere  shown* 
that  with  Primvia  veris  and  sifiertsia,  equal-styled 
varieties  occasionally  appear  which  possess  the  sexual 
organs  of  the  two  forms  combined  in  the  same  flower. 
Consequently  they  fertilise  themselves  in  a  legitimate 
manner  and  are  highly  self-fertile ;  but  tbe  remarkable 
fact  is  that  they  are  rather  more  fertile  than  ordinary 
plants  of  the  same  species  legitimately  fertilised  by 
pollen  from  a  distinct  individual.  Formerly  it  appeared 
to  me  probable,  that  the  increased  fertility  of  these 
dimorphic  plants  might  be  accounted  for  by  the  stigma 
lying  so  close  to  the  anthers  that  it  was  impregnated  at 
liie  most  favourable  age  and  time  of  the  day ;  but  this 
explanation  is  not  applicable  to  the  above  givou  cases, 
in  which  the  flowers  were  artificially  fertilised 
their  own  pollen. 
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Considering  the  facta  now  adduced,  including  the 
appearance  of  those  varieties  which  are  more  fertile 
and  taller  than  their  parents  and  than  the  intercrossed 
plants  of  the  corresponding  generation,  it  is  difficnit 
to  avoid  the  suspicion  that  self-fertilisation  is  in  some 
respects  advantageous;  though  if  this  be  really  the 
case,  any  such  advantage  is  as  a  inile  quite  insignifi- 
cant compared  with  that  from  a  cross  with  a  distinct 
plant,  and  especially  with  one  of  a  fresh  stock.  Should 
this  suspicion  be  hereafter  verified,  it  would  throw 
light,  as  we  shall  see  in  the  next  chapter,  on  the  exist- 
ence of  plants  hearing  small  and  inconspicuous  flowers 
which  are  rarely  visited  by  insects,  and  therefore  are 
rarely  intercrossed. 

Relative  Weight  a-nd  Period  of  Germination  of  Seeds 
from  crossed  and  self-fertilised  Flowers. — An  equal 
number  of  seeds  from  flowers  fertilised  with  pollen  from 
another  plant,  and  from  flowers  fertilised  with  their  own 
pollen,  were  weighed,  but  only  in  sixteen  cases.  Their 
relative  weights  are  given  in  the  following  list ;  that 
of  the  seeds  from  the  crossed  flowers  being  taken  as  100. 

Ipomcca  purpurea  (parent  plnnts) u  100  to  137 

„             „          (third  genci-ntiun) „  „  87 

Salvia  oacainea „  „  100 

BraiMica  alenunn »  n  l'^'' 

Iberi!  mnhellats  (Mcond  gtnerHtion) „  „  138 

Delphlninin  (^oosoUda „  „  45 

Uibiaena  a&icanna „  „  105 

LBthylDg  odoratuB  (alwat) „  |,  100 

SarothunaDa  aGopariu „  „  88 

Spnularla  Bpocnlum ii  n  ^^ 

"iiDDphila  indgnia n  «  ^^^ 

irago  oBicitialia n  n  1" 

L    Cyctameo  perajcum  (abcut) „  „  60 

I  FagDpjTnm  esculentum ,  „  B2 

I   CnoDa  warscewiczi  (three  i^eafrationa) «  ,i  103 

It  is  rem  nrk able  that  in  ten  out  of  these  sixteen 
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cases  the  self-fertilised  seeds  were  either  superior  or 
equal  to  the  crossed  in  weight ;  nevertheless,  in  six  out 
of  the  teo  cases  (viz.,  with  Ipomcea,  Salvia,  Brasaica, 
Tropffioium,  Lathyrus,  and  Nemophila)  the  plants 
raised  from  these  self-fertilised  seeds  were  very  inferior 
in  height  and  in  other  respects  to  those  raised  from  the 
crossed  seeds.  The  superiority  in  weight  of  the  aelf- 
fertiliaed  seeds  in  at  least  sis  out  of  the  ten  cases, 
namely,  with  Brassica,  Hibiscus,  TropEeolum.Nemopliila, 
Borago,  and  Canna,  may  be  accounted  for  in  part  by 
the  self- fertilised  capsules  containing  fewer  seeds;  for 
when  a  capsule  contains  only  a  few  seeds,  these  will  be 
apt  to  be  better  nourished,  so  as  to  be  heavier,  than 
when  many  are  contained  in  the  same  capsule.  It 
should,  however,  be  observed  that  in  some  of  the  above 
cases,  in  wliich  the  crossed  seeds  were  the  heaviest,  as 
with  Sarothamnus  and  Cyclamen,  the  crossed  capsules 
contained  a  larger  number  of  seeds.  Whatever  may  be 
the  explanation  of  the  self-fertilised  seeds  being  often 
the  heaviest,  it  is  remarkable  in  the  case  of  Brassicf^ 
Tropaeolum,  Nemophila,  and  of  the  first  generation  of 
Ipomtea,  that  the  seedlings  raised  from  them  were 
inferior  in  height  and  in  other  respects  to  the  seed- 
lings raised  from  the  crossed  seeds.  This  fact  shows 
how  superior  in  constitutional  vigour  the  crossed  seed- 
lings must  have  been,  for  it  cannot  be  doubted  that 
heavy  and  line  seeds  tend  to  yield  the  finest  plants. 
Mr.  Gal  ton  has  shown  that  this  holds  good  with  Laihyrm 
odoratus;  as  has  Mr,  A.  J.  Wilson  with  the  Swedish 
turnip,  Brassiea  eam^estris  rtiia  haga.  Mr.  Wilson 
separated  the  largest  and  smallest  seeds  of  this  latter 
plant,  the  ratio  between  the  weights  of  the  two  Iota 
being  as  lUI)  to  5S>,  and  he  found  that  the  seedlings 
"  from  the  larger  seeds  took  the  lead  and  maiutivined  I 
their  superiority  to  the  last,  both  in  height  and  thicb 
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nesa  of  stem."*  Nor  can  tliis  difference  in  the  growth 
of  the  seedling  turnipa  be  attributed  to  the  heaviei 
Bfieds  having  been  of  crossed,  and  the  lighter  of  self- 
fertilised  origin,  for  it  is  known  that  plants  belonging 
to  this  genus  are  habitually  intercrossed  by  insects, 

With  respect  to  the  relative  period  of  germination  of 
crossed  and  self-fei'tilised  seeds,  a  record  waa  kept  in 
only  twenty-one  cases ;  and  the  results  are  very  per- 
plexing. Neglecting  one  case  in  which  the  two  lots 
germinated  simultaneously,  in  ten  cases  or  exactly  one- 
half  many  of  the  self-fertilised  seeds  germinated  before 
the  crossed,  and  in  the  other  half  many  of  the  crossed 
before  the  self -fertilised.  In  four  out  of  these  twenty 
cases,  seeds  derived  from  a  cross  with  a  fresh  stock 
were  compared  with  sell-fertilised  seeds  &om  one  of  the 
later  self-fertilised  generations ;  and  here  again  in  half 
the  cases  the  crossed  seeds,  and  in  the  other  half  the 
self-fertilised  seeds,  germinated  first.  Yet  the  seedlings 
of  Mimulus  raised  from  such  self-fertilised  seeds  were 
inferior  in  all  respecta  to  the  crossed  seedlings,  and  in 
the  case  of  Eschscholtzia  they  were  inferior  in  fertility. 
Unfortunately  the  relative  weight  of  the  two  lots  of 
seeds  was  ascertained  in  only  a  few  instances  in  which 
their  germination  was  observed ;  but  with  Ipomcea  and 
I  believe  with  some  of  the  other  species,  the  relative 
lightness  of  the  self-fertilised  seeds  apparently  deter- 
by  long-contiDQcd  aelGOtioD,  qih; 
liaye  givan  to  the  Rmlna  of  thu 
oerutla  ii  gratter  amoimt  nretarL'h 
or  uther  matCer.  than  the  e^- 
lingB  can  utilise  Sot  their  gnnrth. 
I'hi're  can  be  little  ilonbt,  aa 
Humboldt  Jnog  ago  romatbed, 
that  tliu  graiiu  of  oerrala  bsvi; 
beun  renilcred  attmctive  to  bicdl 
in  a  dean*  which  ia  highly  in- 
juriuus  to  the  spociea. 


•  'Gmdeneio'  OLrnnioJo,"  1807, 

f.  107.     Loiaoleur-Defllongchamp 
LtoCdi^tiluB,'  1S12,  pp.  208-219) 

the  extrBoriiinary  couclueir)!!  that 
the  smulUr  grains  of  oerpsis  pio- 
dnoo  U9  fliiu  plania  i'a  Uie  large. 
Thi»  conolu3ioii  ia,  however,  cou- 
tradlated  by  Major  [lallol'a  great 
iweas  ill  improving  wheat  by 
le  Baleotion  ol  the  finfat  grains. 
It  ia  poeaible,  boitever,  tiiat  nmii. 
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mined  their  early  germination,  probably  owing  to  the 
smaller  mass  being  favourable  to  tlie  more  rapid  c 
pletion  of  the  chemical  and  morphological  ch( 
necessary  for  germination.  On  the  other  hand,  Mr. 
Galton  gave  me  seeds  (no  doubt  all  self-fertilised)  of 
Lathyriis  odoraivs,  which  were  divided  into  two  lots  of 
—  ieavier  and  lighter  seeds;  and  several  of  the  former 
p.germinated  first.  It  is  evident  that  many  moreobserva- 
l  bons  are  necessary  before  anvthing  can  be  decided 
I  with  respect  to  the  relative  period  of  germination  of 
Letossed  and  self-fertilised  seeds. 
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Means  of  FEBTiLifiATioir. 

Bterility  an^  fertility  of  plants  when  insects  are  excluded — The  means 
by  wliich  flowers  are  cross-fertilised — Structures  favourable  t<»  self- 
fertilis;ition — ^Relation  between  the  structure  and  oonspicuousness 
of  flowers,  the  visits  of  insects,  and  the  advantages  of  cross-fertilisa- 
tion—  The  means  by  which  flowers  are  fertilised  with  pollen 
from  a  distinct  plant — Greater  fertiliaing  power  of  such  pollen 
— Anemopbilous  species — Conversion  of  anemophilous  species  into 
entomophilous  —  Origin  of  nectar — ^Anemophilous  plants  generally 
have  their  sexes  separated  — Conversion  of  diclinous  into  herma- 
phrodite flowers — Trees  often  have  their  sexes  separated. 

In  the  introductory  chapter  I  briefly  specified  the 
various  means  by  which  cross-fertilisation  is  favoured 
or  ensured,  namely,  the  separation  of  the  sexes, — the 
maturity  of  the  male  and  female  sexual  elements  at 
diflerent  periods,  —  the  heterostyled  or  dimorphic 
and  trimorphic  condition  of  certain  plants,  —  many 
mechanical  contrivances, — the  more  or  less  complete 
inefficiency  of  a  flower's  own  pollen  on  the  stigma, — and 
the  prepotency  of  pollen  from  any  other  individual 
over  that  from  the  same  plant.  Some  of  these  points 
require  further  consideration;  but  for  full  details  I 
must  refer  the  reader  to  the  several  excellent  works 
mentioned  in  the  introduction.  I  will  in  the  first  place 
give  two  lists  :  the  first,  of  plants  which  are  either  quite 
sterile  or  produce  less  than  about  half  the  full  com- 
plement of  seeds,  when  insects  are  excluded ;  and  a 
second  list  of  plants  which,  when  thus  treated,  are  fully 
fertile  or  produce  at  least  half  the  full  complement 
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(■of  seeds.  These  lists  have  been  compiled  from  the 
\  several  previona  tables,  with  some  additional  cases  from 
my  own  observations  and  those  of  others.  The  species 
are  arranged  nearly  in  the  order  followed  by  Lindlcy 
in  his  'Vegetable  Kingdom.'  The  reader  should 
observe  that  the  sterility  or  fertility  of  the  plants  in 
these  two  lists  depends  on  two  wholly  distinct  causes; 
namely,  the  absence  or  presence  of  the  proper  means 
by  which  pollen  is  applied  to  the  stigma,  and  its  less 
or  greater  efficiency  when  thus  applied.  As  it  is 
obvious  that  with  plants  in  which  the  sexes  are  separate, 
pollen  must  be  carried  by  some  means  from  flower  to 
flower,  such  species  are  excluded  from  the  lists ;  as 
are  likewise  dimorphic  and  trimorphic  plants,  in  which 
the  same  necessity  occurs  to  a  limited  extent  Ex- 
perience has  proved  to  me  that,  independently  of  the 
exclusion  of  insects,  the  seed-bearing  power  of  a  plant 
is  not  lessened  by  covering  it  while  in  flower  under  a 
thin  net  supported  on  a  frame ;  and  this  might  indeed 
have  been  inferred  from  the  consideration  of  the  two 
following  lists,  as  they  include  a  considerable  number 
of  species  belonging  to  the  same  genera,  some  of  which 
are  quite  sterile  and  others  quite  fertile  when  protected 
by  a  net  from  the  access  of  insects. 

I  Lut  of  Plants  which,  when  Ijisecta  are  excluded,  are  cither 
quite  sterile,  or  produce,  as  far  as  I  could  judge,  less 
than  half  the  number  of  Seeds  produced  hy  impro- 
iected  Plants. 

issijiora  nUitu,  rocemoso,  ctErulea,  tdulii,  laar'/nHu,  and  soma 
individuals  of  P.  quodmnsulans  (PnfisifloraceiB),  are  quite 
Bterile  under  these  conditions :  eee  '  Variation  of  Animals 
andPlants  under  Domestication,' chap.  xvii.  2nd  edit.  vol.  ii. 
p.  lltJ. 

'Uioia  eanina  (Violacese).— Perfect  flowers  quite  sterile  nnlesB 
ferliliBed  b;  bees,  or  artiBoialif  fertilised. 
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V.  triarUiT. — Seta  Tery  few  and  jwor  capsulea. 

Besfia  oduratii  (Uesin\aae«:).—SoTae  indiTidiials  (inite  Gt«ril& 
lute:i.—SorDe  individuals  produce  very  few  and  poor  cap- 
sules. 

Abutilan  rlnrwinii  (Mai Tiicere).— Quite  sttrile  in  Brazil:  see 
preTious  diaoussiija  on  Belf-eterile  plants. 

Nymphma  (NympliffiaceiB). — Professor  Caspary  infomiB  roe  that 
some  of  the  species  are  quite  sterile  if  insects  are  excluded, 
irya/e  aminoitka  (Nymphreacese).— Mr.  J.  Smith,  of  Eew,  in- 
forms me  that  capsnlea  from  flowers  loft  1o  themselTeB,  and 
probably  ni  Tisited  by  insects,  contained  from  eight  to  fif- 
teen seeds ;  those  from  flowers  artiRcinlly  fertilised  with 
pollen  from  other  flowers  on  the  same  plant  contained  from 
fifteen  to  tUrty  seeds ;  and  that  two  flowers  fertilised  with 
pollen  brought  from  another  plant  at  Ghatsworth  contained 
respoctiyoly  sixty  and  seTentj-five  eeeds,  I  have  given 
these  statements  because  Professor  Onspary  advances  this 
plant  as  a  case  opposed  to  the  doctrine  of  the  necessity  or 
adrantage  of  cross-fertilisation:  see  Sitzungslierichte  der 
Phys.-okon.  Gesell.  zn  Konigsborg,  B,  vi.  p.  20. 

TMphiuiwmcomdliilii  (Ranunculaeem). — Produces  many  capsules, 
but  these  contain  only  about  half  the  number  of  seeds  com- 
pared with  capsules  from  flowers  naturally  fertilised  by 

EtakKMlzia  fo/l/'imien  (PapavoraccB). — Brazilian  plants  quite 

Bifirile :  English  plants  produce  a  few  capsules. 
Pap'iver  vaijum  (Papaveracea)).— In  the  early  part  of  the  summer 

produced  very  few  capsules,  and  these  contained  very  few 

seeds. 
P.  a}pinum.—R.  Hofl'mann  ('  Speciesfrage,"  ISTS,  p.  47)  states 

that  this  species  produced  seeds  capable  of  germination  only 


'.alia  cam  (FumariacesB). — Sterile :  Bee  the  previotiB  discus- 
ion  on  self-storile  pi  ante. 
I  O,  soliiia. — I  had  a  single  plant  in  my  garden  (1863),  and  saw 
many  hive-beos  sucking  the  flowers,  but  not  a  single  seed 
was  produced.  I  was  much  surprised  at  this  fitct,  as  Pro- 
fessor Hildobrand's  discovery  that  C  cava  is  sterile  with  its 
own  pollen  had  not  then  been  made.  He  likewise  concludes 
&om  the  few  expcriraente  which  he  made  on  the  present 
BpeoieB  that  it  is  self-sterile.  The  two  foregoing  cases  ore 
interesting,  because   botanists  fonnerly  thought    (see,  fn 
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^^^^r  instaooe,  Locoq,  '  De  la  Fecundatlou  (,'t  de  THjliridatJon,' 
^^B  1845,  p.  61,  aud  LmOley,  *  Vegetablo  Kingdom,'  1863,  p.  436) 
^^^H  that  all  the  npccitis  of  the  Famotiaceie  were  apcciall;  adapled 
^^^H    fbr  Belf-fertihsation. 

^^^Hf^ea. — A  coyered-up  plant  produced  (,1861)  exactly  half  as 
^^^B    man;  capsules  as  an  exposed  plant  of  the  same  sizo  giow- 
^^^H    ing  close  alongside.     When  humble-bees  yisit  the  doners 
^^^B   (and  I  repeatodlj  saw  them  thus  acting)  the  lower  petals 
^^^B    suddenly  spring  downwards  and  the  pistil  upwards;  this 
^^^^    is  due  to  the  elasticity  of  the  parts,  trhii^h  ^kcs  tflect,  as 
1^^^^     soon  OS  the  coherent  edges  of  Ihe  hood  are  separated  by  the 
entrance  of  an  insect.    Unless  insects  visit  tho  flowere  the 
parts  do  not  move.    NevBrthelesa,  many  of  the  flowers  on 
tho  plants  which  1  had  protected  produced  caphulea,  not- 
withstanding that  their  petttls  and  pistils  still  retained  their 
oriL:inal  position ;  and  I  found  to  my  surprise  that  these 
capsules  contained  more  seeds  than  those  from  flowers,  the 
^^^_      petals  of  which  had  been  artificially  separated  and  allowed 
^^^L     to  spring  apart.     Thus,  nine  capsules  produced  by  undia- 
^^^B     tarbed  flowers  contained  fifty-three  seeds;  whilst  nine  cap- 
^^^H     sales  &oni  flowers,  the  petals  of  which  had  been  artificially 
^^^B    separated,  contained  only  thirty-two  seeds.    Sut  we  should 
^^^B    remember  that  if  bees  had  been  permitted  to  visit  thefe 
^^^B    flowers,  they  would  have  visited  them  at  the  best  time  for 
^^^B     fertilisation.    The  flowers,  the  petals  of  which  iiatl  bten 
^^^k     aitiflcially  separated,  set  their  capsules  before  thote  whioh 
^^^K     vere  left  undisturbed  under  the  net.    To  show  with  what 
^^^k     certainty  the  flowers  are  visited  by  bees,  I  may  add  that 
^^^k    on  one  occasion  all  the  flowers  on  some  unprotected  plants 
^^^H     were  examiued,  and  every  single  one  had  its  petals  sepa- 
^^^^    rated ;  and,  on  a  second  occasion,  forty-one  out  of  forty- 
^^1^    three  flowers  were  in  this  state.    Hildobrand  stat<:s  (Frtng. 
Jahr.  f.  wiss.  Botanik,  8.  vii.,  p.  450)  that  tho  neohanisni 
of  the  parts  in  this  specios  is  nearly  the  same  as  in  ('.  orhro- 
leiica,  which  he  has  fully  described. 
Bt/prcimm  grumlijlorum  {Fumariactae). — Highly  self-sterile  (Hil- 

debrand,  ibid.). 
Kateiia  liti/d'u  tEcicacete).— Mr.  W.  J.  Bcal  says  ('American- 
Naturalist,'  IBb?)  tliat  flowers  protected  from  insects  wither 
and  drop  off,  wit  i  "  must  of  the  anthers  still  remaining  in  . 


the  pockets.' 


)).— Almcst  sterile;    i 
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produced  two  fruits.    It  is  probable  that  different  yarieties 
would  differ  in  ihis  respect,  as  some  are  only  feebly  dicho- 
gamous. 
Dwnthus   caryophyllus   (CaryophyllaceaB). — ^Produces  very  few 

capsules^  which  contain  any  good  seeds. 
Fhaaeoltis   multiflorus  (Leguminos8B).  —  Plants  protected    from 
insects  produced  on  two  occasions  about  one-third  and  ooe- 
eighth  of  the  full  number  of  seeds:  see  my  article  in 
'  Gkirdeners'  Chronicle/  1867,  p  225,  and  1858,  p.  828 ;  also 
*  Annals  and  Mag.  of  Natural  History,'  3rd  series,  vol.  ii. 
1858,  p.  462.    Dr.  Ogle  ('  Pop.  Science  Eeview,'  1870,  p.  168) 
found  that  a  plant  was  quite  sterile  when  covered  up.    The 
flowers  are  not  visited  by  insects  in  Nicaragua,  and,  accord- 
ing to  Mr.  Belt,  the  species  is  there  quite  sterile ;  '  The 
Naturalist  in  Nicaragua,'  p.  70. 
Ktcia/a6a  (Leguminosffi) —Seventeen  covered-up  plants  yielded 
40  beans,  whilst  seventeen    plants  left  unprotected  and 
growing  close  alongside  produced  135  beans;  these  latter 
plants  were,  therefore,  between  three  and  four  times  more 
fertile  than  the  prot<.>cted  plants :  see '  Gardeners'  Chronicle  * 
for  fuller  details,  1858,  p.  828. 
Erythrina  (sp.  f)  (Leguminosse). — Sir  W.  Mac  Arthur  informed 
me  that  in  New  South  Wales  the  flowers  do  not  set,  unless 
the  petals  are  moved  in  the  same  manner  as  is  done  by 
insects. 
Luthyrus  ylandiflorus  (Leguminosae). — Is  in  this  country  more  or 
less  sterile.    It  never  sets  pods  unless  the  flowers  are  visited 
by  humble-bees  (and  this  happens  only  rarely),  or  unless 
they  are  artificially  fertilised :  see  my  article  in  '  Gardeners' 
Chronicle,'  1858,  p.  828. 
Sarothamnus  scojfarius  (Leguminosse). — Extremely  sterile  when 
the  flowers  are  neither  visited  by  bees,  nor  disturbed  by 
being  beaten  by  the  wind  against  the  surrounding  net. 
Melifotus  officinalis  (Leguminosse). — An  unprotected  plant  visited 
by  bees  produced  at  least  thirty  times  more  seeds  than  a 
protected  one.    On  this  latter  plant  many  scores  of  racemee 
did  not  produce  a  single  pod;  several  racemes  produced 
each  one  or  two  pods ;  five  produced  three ;  six  produced 
four ;  and  one  produced  six  pods.   On  the  unprotected  plant 
each  of  several  racemes  produced  fifteen  pods;  nine  pro- 
duced between   sixteen   and    twenty-two   pods,  and   one 
produced  thirty  pods. 


Chap.  X.       PLANTS   STERILE    WITHOUT    INSEOT-AID.        361 

LotUB  contkulalui   (LegummoBffl).^SevEriil   covered-up  plants 
produoed  only  two  oinpty  pods,  and  not  u  single  good  eoed. 
Tri/olium  reptna  (Leguuiinosw).— Several  plnnts  were  protected 
&om  insects,  and  tbe  seeds  from  t«u  flower-heads  on  these 
plants,  ami  from  ten  heads  on  other  plants  growing  outside 
the  net  (wliich  I  saw  visited  by  iieea),  were  counted  ;  and 
the  seeds  from  the  latter  plants  were  very  noarlj  ten  times 
as  namerouB  as  those  from  the  protected  pbinla.    The  ex- 
periment was  repcatod  on  the  followinR  year;  and  twenty 
protected  heads  now  yielded  only  a  single  almrlcd  seed, 
whilst  twenty  heads  on  the  plants  outside  the  net  (which  I 
saw  Tisited.  by  hee*)  yielded  2290  aoeda,  as  ealcnlatod  by 
weighing  all  tlie  seed,  and  counting  thn  number  in  a  weight 
of  two  grains. 
T.  praknsc. — One  hnndred  flower-heads  on  plants  protected  by 
n  net  did  not  produce  a  single  seed,  whilst  100  heads  on 
plants  growing  outside,  which  were  visited  by  liees,  yielded 
IH  grains  weight  of  seeds ;  and  as  eighty  seeds  weiglied  two 
s,  the  100  heads  must  have  yielded  ^,720  seeds.  I  have 
I  watched  this  plant,  and  have  never  seen  hive-beee 
mckiDg  the  flowers,  except  from  the  outside  through  holea 
n  by  humble-bees,  or  deep  dowu  between  the  flowers,  as 
Eif  in  search  of  some  secretion  from  the  calyx,  almost  in  the 
ntr  as  desciibod  by  Mr.  Farrer,  in  the  cose  of 
'  Coronilla  ('  Nature,'  187i,  July  2,  p.  169).    I  must,  bow- 
er, except  one  occasion,  when  an  adjoining  field  of  sainfoin 
(Hrdynarun,  onubiychis)  had  just  been  oat  down,  and  when 
the  bees  seemed  driven  bi  desperation.    On  this  occasion 
^^^  moul  of  the  flowers  of  the  cloTar  were  somewhat  wilhored, 
^^^T  and  contained  an  extiaordinary  quantity  of  nectar,  which 
^^^K,the  bees  wor<:  ablt;  to   suck.      An  experienced  apiarian, 
^^^K  ]lr.  Miner,  i^ays  that  in  the  United  Stales  hive-beee  never 
^^^  «iick  the  red  clover ;  and  Mr.  E.  Colgate  informs  me  that 
he  bos  observed  the  same  fact  in  New  Zealand  after  the 
introduation  of  the  hive-bee  into  that  island.    On  the  other 
hand,  H.  Muller  ('  Befruchtuug,'  p.  224)  has  often  seen  hive- 
bees  visiting  this  plant  in  Germany,  for  the  sake  both  of 
pollen  and  nectar,  which  latter  they  obtained  by  breaking 
■part  the  petals.    It  is  at  least  certain  that  humble-bees  ore 
the  chief  fcriilisersof  the  common  red  clover. 

r.m. — The  flower-heads  containing  ripe  seeds,  on  some 
and  unoovered  plants,  appeared  equally  fine,  bat 
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tills  WBE  a  fulse  appearance ;  GO  heade  on  the  latter  yielded 
Sii)  giaius  wtight  of  seeds,  whereas  60  on  the  covered-op 
plants  yielJed  onlj  63  grains,  and  many  of  the  eeeda  in  the 
latter  lot  were  poor  and  aborted.  Therefore  the  flowers 
■which  were  visited  by  beee  producod  between  five  and  fix 
times  as  man;  seeds  as  those  which  were  protected.  Tlie 
covered-np  planta  not  having  been  much  exhansted  bj  seed- 
bearing,  bore  a  second  considerable  crop  of  fiower-steme, 
■whilst  the  esptBed  plants  did  not  do  so. 

Cgtiitti  laburnum  (Leguminosa), — Seven  flower-racenjes ready  to 
expand  wore  enclosed  in  a  large  bag  raodo  of  net,  and  the; 
did  nut  seem  in  the  least  injured  by  this  treatment.  Only 
three  of  them  produced  any  poda,  each  a  single  one;  and 
these  three  pods  contained  one,  four,  and  five  seeds.  So 
that  only  a  single  pod  from  the  seven  racemes  included  a 
fair  complement  of  seeds. 

Cvpliea  pi'rp'ir™  (Lythrace»), — Produced  no  seeds.  Other  flowers 
on  the  samo  plant  artiflcially  fertilised  under  the  net  yielded 
seeds. 

Vinat  fniijur  (Apocynacew).— Is  generally  quite  sterile,  but  somo- 
tiiues  gets  seeds  when  artiliciall;  cro^s-rertjlised :  see  my 
notice, '  Gardeners'  Chronicle,'  lB6t,  p.  552. 

V.  rotea. — Behaves  in  the  same  manner  as  the  last  speoies: 
'  Gardeners'  Chronicle,'  Ia61,  pp.  699,  736,  831. 

TabrTnie'uoniana  echinaia  (Apoeynaceie).— Quite  t.t«rile. 

Pftwiia  vio/aau  (Solanacete). — Quite  sterile,  as  far  as  I  have 
observed. 

Solanwa  tuberosum  (Solanacete). — 'I'inzmann  says  ('(iardeners' 
Chronicle.'  1816,  p.  183)  that  some  varieties  are  quite  s'erib 
unless  fertilised  by  pollen  from  another  variety. 

Primula  scolKa  (Primulaceie).— A  non-dimorphic  species,  which 
is  fertile  with  its  own  pollen,  but  is  extremely  sterile  if 
insects  are  excluded,  J.  Scott,  ta  'Journal  Linn.  8oc.  Bot. 
Tol.  viii.  1864,  p.  119. 

OarttiM  mallhioll  (Primnlacete).— Protected  plants  completely 
sterile ;  artificially  Belf-fertilised  flowers  perfectly  fertile. 
J.  Scott,  ibid.  p.  84. 

Cydunitn  jteniciim  (Prin.TilHcife).— During  one  season  several 
covered -up  plaiita  did  not  produce  a  single  seed. 

Boriigo  afftiinalin  (Borngiuaceffl). ^Protected  plants  produced 
aboat  half  as  many  seeils  as  the  unprotected. 

Saieia  tenori  (LitbiaHe).— Quite  sterile;  bat  two  or  three  flowers 
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on  tba  GummitB  of  three  of  the  epikoEi,  whii^h  touched  the 
net  when  the  wind  blew,  produutd  a  few  seeds.  'Ihis 
etorilily  was  not  due  to  the  injurious  efiects  of  the  uet,  for  I 
fertiliBed  five  flowers  with  pollen  from  on  adjoining  plant, 
and  these  all  yielded  fine  seeds.  1  remoTed  the  net,  whilst 
one  little  branch  stiU  bore  a  few  not  completely  faded 
fiowers,  and  theee  were  visited  bj  beea  and  yielded  seeds, 
8.  focei'neo. — Some  coTered-up  plauls  produced  a  good  many 
fruits,  biit  not,  I  think,  haJt  oh  many  as  did  the  uncovered 
plants ;  twentjMsight  of  the  fruit*  spontaneously  pi'oduced 
b;  the  protected  plnot  contained  on  an  average  only  1'4^ 
seeds,  whilst  some  artificially  self- fertilised  frnits  on  the 
same  plant  contained  more  than  twice  as  many,  viz.,  Sj'3 

Bignonui  (unnamed  species)  (Bignoniaee»).— Quite  sterile:  see 

my  account  of  self-sterile  plants. 
DigUalia  jruri>urea  (Scrophulariaceie). — Estremely  sterile,  only  a 

few  poor  capsules  being  produced, 
Linaria  vulgaris  (Scrophulariocete).— Extremely  sterile. 
Antirrhinum    majun,    red   var.    (Scrophulariaciffi). — Fifty   pods 

gathered  from  a  largo  plant  under  a  net  contained  9  ■  B  grains 

I        weight  of  seeds;  but  many  (unfortunately  not  counted)  df 
the  fllty  pods  contained  no  seeds.    Fifty  pods  on  a  plant 
fully  esjKised  to  the  visits  of  humble-beee  contained  U3'l 
grains  weight  of  seed,  that  is,  more  tlian  twice  the  weight; 
but  in  this  case  again,  several  of  the  fifty  pods  contained  no 
seeds. 
i.  mnjiis  (white  var.,  with  a  pink  moulh  to  the  corolla). — 
Fifiy  pods,  of  which  only  a  very  few  were  empty,  on  a 
covered-up  plant  contained  20  grains  weight  of  seed;  so 
that  this  variety  seems  to  be  much  more  self-fertile  than 
the   previous   one.      With    Pr.  W.   Ogle   ('Pop.  Science 
Iteview,'  Jon.  1870,  p.  52)  a  plant  of  this  species  was  much 
more  sterile  whtn  protected  from  insects  than  with  me,  for 
it   prodncod  only  two  sruall  capsules.      As  showing  the 
efficieuoy  of  bees,  1  may  add  that  Mr.  Crocker  castrated  Fome 
young  flowers  and  left  them  uncovered;  and  these  produced 
as  many  seeds  as  the  unmutilatcd  flowers. 
A,  m<y'iw  (peloric  var,\ — This  variety  is  quite  fertile  when  arti- 
^^^        ficioUy  fertilised  with  its  own  poilcn,  but  is  utterly  sterile 
^^^L       vben  left  to  itself  and  uncovered,  as  humble-bees  cannot 
^^H      enwl  into  the  narrow  tubular  flowers. 
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Verhawumphceniceufn(Scioph\L\Qjna,cefB). — Quite  sterJe  I  See  my  bo- 

rr      '  r\    'L       L     '^  > count  of  8elf- 

K.  nigrum, — Quite  sterile (steiiie  plants. 

Camjtanula  carpathica  (Lobeliacese)  — Quite  sterile. 

Lcbdia  ramosa  (Lobeliacese). — Quite  sterile. 

L./tdgem, — 'Ihis  plant  is  never  visited  in  my  garden  by  bees, 
and  is  quite  sterile ;  but  in  a  nursery-garden  at  a  few  miles* 
distance  I  saw  humble-bees  visiting  the  flowers,  and  they 
produced  some  capsules. 

[sotoma  (a  white-flowered  var.)  (LobeliactSB). — Five  plants  left 
unprotected  in  my  greenhouse  produced  twenty-four  fine 
capsules,  containing  altogether  12*2  giains  weight  of  seed, 
and  thirteen  other  very  poor  capsules,  which  were  rejected. 
Five  plants  protected  from  insects,  but  otherwise  exposed 
to  the  same  conditions  as  the  above  plants,  produced  sixteen 
fine  capsules,  and  twenty  other  very  poor  and  rejected  ones. 
The  sixteen  fine  capsules  contained  seeds  by  weight  in  such 
proportion  that  twenty-four  would  have  yielded  4*66 
grains.  So  that  the  unprotected  plants  produced  nearly 
thrice  as  many  seeds  by  weight  as  the  protected  plants. 

Le9cheuaultia  formosi  (GoodeniacesB). — Quite  sterile.  My  experi- 
ments on  this  plant,  showing  the  necessity  of  insect  aid, 
are  given  in  the  *  Gardeners*  Chronicle,'  1871,  p.  1166. 

Senecio  cruentus  (CompositaB). — Quite  sterile :  see  my  account  of 
self-sterile  plants. 

lleterocentron  mexicanum  (Malastomacese). — Quite  sterile;  but 
this  species  and  the  following  members  of  the  group  pro- 
duce plenty  of  seed  when  artificially  self-fertilised. 

Rhexia  glaudulosa  (Melastomacea3). — Set  spontaneously  only  two 
or  three  capsules. 

Cfen<ra(^wwi  ^ri^MMc^a  (MelastomacesB). — During  some  years  pro- 
duced spontaneously  two  or  three  capsules,  sometimes 
none. 

Pleroma  (unnamed  species  from  Kew)  (Melastomaceae). — During 
some  years  produced  spontaneously  two  or  three  capsules, 
sometimes  none. 

Monochoetum  ensiferum  (Melastomacese). — During  some  years  pro- 
duced spontaneously  two  or  three  capsules,  sometimes 
none. 

Hedychium  (unnamed  species)  (Marantaceae). — Almost  self-sterile 
without  aid. 

Orchidece, — An  immense  proportion  of  the  species  sterile,  if 
insects  are  excluded. 
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last  of  Plants,  which  when  protected  from  Insects  are 
eiiher  quite  Fertile,  or  yield  more  than  half  the  Humier 
of  Seeds  produced  by  unprotected  Plants. 

ffaisiflora  gratilU  (PasBiflocacpsB). — Produces  many  fruits,  but 
these  contain  fewer  aeeda  tlianfmita  from  intercrossed  flowers, 
utsica  lAeracea  (CrueiferaB). — Products  manj  capsules,  but 
these  generall;  not  so  rich  in  seed  as  those  on  uncovered 
plants. 
Jlajihanus  ealimts  (Cmciter»). — Half  of  a  liU'ge  branching  plant 
was  covered  by  a  net,  and  was  as  thicltly  covered  with 
capBUleB  as  the  other  and  unprotected  half;  bnt  twenty  of 
the  capsules  on  the  latter  contained  on  an  average  35 
seeds,  wbilst  twenty  of  the  protected  capsules  coutaiued  ooiy 
I'tjd  setds,  that  is,  only  a  little  more  than  half  the  nutnlier. 
This  plant  might  perhaps  have  been  more  properly  included 
in  the  former  list 

r  Sitria  wmhdlata  (CruciferEe). — Highly  fertile, 
■a.— Highly  fertile. 

\  Seteiia  odorata  and  lutea  (fiesedacece). — Certaia  individuals  com- 
pletely self-reitile. 

[  Euri/ale  ferox.  (Ny  mphteaceie). — Professor  Caspary  informs  me  that 
this  plantiehigblyself-fertile  when  insects  are  excluded.  He 
remarks  in  the  paper  before  referred  to,  that  bis  plants  (as 
well  as  those  of  the  Victoria  reyiii)  produce  only  one  flower 
at  a  time;  and  that  as  this  species  is  an  annual,  and  was 
introduced  in  1809,  it  most  have  been  self- fertilised  for  the 
last  fifty-ais  generations;  but  Dr.  Hooker  assures  me  that  to 
hie  knowledge  it  has  hocu  repeatedly  introduced,  and  that  at 
Eew  the  same  plant  both  of  the  Euryale  and  of  the  Victoria 
produce  sevtral  flowers  at  the  same  time. 

WMt/mphcea  (NymphEeacece).— Some  species,  as  I  am  informed  by 
Professor  Caspary,  are  quite  self-fertile  when  insects  are 
excluded. 
Umie  astivalii  (Hanunculaceie). ^Produces,  according  to  Pro- 
fessor H.  Hoffmann  (' Speciesfriige,'  p.  11),  plenty  of  seeds 
when  protected  from  insects. 

ISonttieuias  acrii  (Ranunculoeete).— Produces  plenty  of  seeds 
under  a  net. 

vpaaer  somniferina  (Papaveraoeie). — Thirty  capsules  from  un- 
oovered  plants  yielded  15'6  grains  weight  of  reed,  and  tbirtf 
capsules  from  covered-np  plants,  growing  in  the  same  bed. 
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fielded  ll)'5  gmini  ireight;  bo  thut  the  latter  ptantA  were 
more  prodacti  re  than  tbd  uaoovered.  Profassor  H.  Hof&naiiii 
('  Spociaafrnge,'  1875,  p.  53j  also  found  thin  epeciea  self-fertile 
when  protected  from  insects. 
P.  vagu!n.-~Ttoiaoai-  late  in  the  Bammer  plenty  of  seeda,  wbicli 
germinated  well. 

P.  argemonoidd       .  .  .  .JAcmrding   to  Hlldsbnind   ('Jilir- 

aioufiium  lulium  (PupftvcraceiB)        .  1  ^ti™i^if-frrWi'-i.l'fl=™ 

Argemone  oehrnieuai  (Panavorncea!)    .]    am  by  no  mejuu  islirQE. 

A'itumui  cii-rhota  (Fumariaccffi).— Sets  on  abimdance  of  oapanlHi. 

l/yi^ecoam  jiTocim^ens  {Fumariacece).  Htldebrand  saje  (ideml, 
nith  reBpect  to  prol«oted  flotrera,  that  "  eine  gate  Fruchl- 
bildimg  eintrete." 

^m'iri(io^iiioii»(Fiiuiariftce[e),— Oovered-up  and  iiDprotecteii 
plants  apparently  prodaoed  an  equal  number  of  oapanles, 
and  the  needj  of  the  former  seemed  to  the  eye  equall;  good, 
I  have  often  watched  this  plant,  and  eo  has  Ilildebrand,  and 
we  hace  never  seen  an  insect  visit  the  flowera.  H.  Millter 
has  like wiiae  been  etruckwith  the  rarit;af  the  visits  of  ineecta 
to  it,  though  he  haa  eometimee  Keen  hire-liees  at  work. 
The  Bowers  may  perhaps  be  visited  by  amall  molha,  oa  is 
probably  the  case  with  the  following  species, 

F.  (»;ire(i?«(u.— Several  lar^  beds  of  tbia  plant  growing  wild 
were  watched  by  me  during  many  days,  but  the  fluwera 
were  never  vjaited  by  any  iaaects,  though  a  hnmbk-bea 
was  once  seen  closely  to  inspect  tiiem.  Nevertheless,  as 
the  nectary  contains  much  nectar,  especially  in  the  evening, 
I  felt  eonvinced  that  they  were  visited,  probably  by  moths. 
The  petals  do  not  iiaturaUy  separate  or  open  in  the  least; 
but  they  had  lietn  opened  by  soiue  means  in  a  certain  pro- 
portion of  the  fl  iwerA,  in  the  same  manner  as  follows  when 
a  thick  liristle  is  pushed  into  Iha  nictjiry;  so  that  in  tliia 
respect  they  resemble  the  flowers  of  Coi-ydtilit  lutea.  Thirty- 
four  heads,  each  ioclnding  many  flowera,  were  examined, 
and  twenty  of  them  had  from  one  to  four  lowers,  whilst 
fourteen  hod  not  a  single  flower  thus  opened.  It  is  there- 
fore clear  Ihat  some  of  the  flowers  had  been  visited  by 
insects,  while  the  majority  had  not ;  yet  almost  all  produced 
capsules. 

Linam  imilatissimum  ( Li iiiiccai).— Appears  to  be  quite  fertila 
H.  Hofiinann, '  Hot.  Zeitung,'  1876,  p.  666. 

Tmpatien$  burbiyerum  (Balsaminaoete).^The  flowers,  though  es- 
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cellently  adapted  for  croBa-fertilisation  bj  the  baee  whJtA 
freely  Tisit  tlient,  set  Bbimdantly  nnder  h,  not. 

I.  nUi-me-Umgeie  (Balsuminiicete).— This  species  produces  cleis- 
togene  and  perfect  flowers.  A  plant  was  covered  with  a  net, 
and  Bome  perfect  flowera,  uarked  with  thieods,  produced 
elevea  BpontanoouBl;  self-  ft;ctilisod  capeulee,  which  contained 
on  an  average  3'45  seeda.  I  negbcted  to  ascerlain  the 
number  of  seeds  prodaeed  b;  perfect  flowerE  exposed  to  the 
visits  of  insects,  but  I  believe  it  is  not  greatly  in  eioesa  ot 
the  above  average.  Mr.  A.  W.  Bennett  has  carefully  described 
the  structure  of  the  fio'vers  of  J./uloa  in  '  Joarnal  Linn.  Soo.' 
vol.  xiii.  B.>t.  1872,  p.  147.  Tlik  latter  species  is  said  to 
be  sterile  with  its  own  pollen  ('  Glard.  Chronicle,'  1868,  p. 
1286),  and  if  8o,  it  preBenls  a  remarkable  contrast  with  J. 
barbigeram  and  ntii-nie-tanyirfl. 

Lirrmanthes  dovglaiH  (Geraniaces). — Highly  fertile. 

ViaeaTia  oeulata  COaryophyllaceie).— Produces  plenty  of  oapsnlea 
with  good  seeds. 

StellaTUt  media  (Carjophyllaceie). — Coveted-up  and  uncovered 
plants  produced  an  equal  number  of  capsale-i,  and  the  seeds 
in  both  appeared  equally  numerous  and  good. 

Bda  vulgaris  (Cheniipodiace»).— Highly  eelf-fertile. 

Vicia  eativa  {Logiiaiinoea)).— Protected  and  unprotected  plants 
produced  an  ecjual  number  of  pods  and  equally  fine  seeds. 
If  there  was  any  difference  between  the  two  lots,  the  covered- 
np  plants  were  the  most  productive. 

F.  kirsuta.  —  This  species  beats  the  smallest  flowers  of  any 
British  leguminous  plant.  The  result  of  covering  up  plants 
was  exactly  the  same  as  m  the  last  species. 

Pimm  sutivum  (Leguminopro). -Fully  fertile. 

Lathynu  odo-ntus  (Legnminoae).— Fully  fertile. 

L.  nwwiiu,— Fully  fertile. 

Lupinui  luUtis  (Ijeguminosie).— Fairly  productive. 

i.  pflo»t«.— Produced  plenty  of  pods. 

Ononis  minuiimjTut  (LegaminoE»), — Twelve  perfect  flowers  on  a 
plant  nnder  a  net  were  marked  by  threads,  and  produced 

^e^ht  pods,  containing  on  an  average  2'38  seeds.      Pods 
produced  by  flowers  visited  by  icsecta  would  probably  have 
oonloiued  on  an  average  3'66  seeds,  judging  from  the  effects 
of  artificial  cross-fertiliEation. 
Phatetilut  uulguria  (LeguminosEe). — Quite  fertile. 
Tri/olium  aivenst  (Legumiuocs).— The  excessively  small  flowers 
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ore  incessootlf  visiled  b;  hive  aud  hnmble-bees.  When 
iiiscctE  woru  excluded  the  flower-heit^s  seemed  to  prodnce  e 
muoy  trad  as  flne  seeds  as  the  expoeed  heads. 

'/'.  procuiiibtin. — On  one  occasion  covered-np  pluite  seemed  t 
yield  as  many  eceds  M  the  uncoTerod.  On  a  second  occasion 
BJxty  imcovered  flower-heada  yielded  ^l  grains  weight  of 
aeeda,  whilst  sixty  heads  on  prolecled  plants  yielded  no  less 
than  17*7  giaina;  so  that  these  latter  plante  were  mach 
moreprodnctire;  but  this  letnilt  1  suppose  wrs  accidental. 
I  have  often  watched  this  plant,  and  have  never  Been  the 
fli>wers  visited  by  insects;  but  I  Buspect  that  the  flowers  of 
this  species,  and  moie  especiiUIy  of  Tiifiiliam  minus, 
frequented  by  small  nocturnal  mrjihs  which,  as  1  heai  Iroiii 
Ur.  Bond,  haunt  the  amaller  clovers. 

Medinvjo  lupulina  (Leguminosffi). — On  account  of  the  danger  of 
losing  Ibo  seeds,  I  was  forced  to  gather  the  pods  before  they 
were  qnito  ripe;  160  flower-heada  on  plants  visited  by  bees 
yielded  pods  weighing  101  grains;  whilst  15U  heads  on 
protected  plante  yieldid  pods  weighing  77  grain*.  T 
inequality  would  probably  have  bueu  greater  if  the  mature 
seeds  could  have  been  all  safely  Follei^ted  and  Gompared. 
Ig.  Urban  (Keimnng,  Bluthen,  &e  ,  bei  Medici^,  1873)  has 
described  the  fflcans  of  fertilisation  in  this  genus,  as  has  t^ 
Bev.  0,  Uenslow  in  the  'Journal  of  Linn.  Soc.  Bot.'  vol.  ix. 
1866,  pp.  327  and  356. 

Xicotiaim  tofciciun  (Solanaceffi). — Fully  relf-fertile. 

Jpojiufi  purpurea  (Convolvulsceffl). — Highly  self-fertile, 

LepUmplion  aniiraiiicma  (Fulumoniacefe).— Plants  tindei  a  net 
produovd  a  good  many  cap»nles 

Primuia  mollis  (Primnlatefflj.— A  non-dimorphic  species,  self-fer- 
tdle:  J.  Scott,  in' Journal  Linn.  Soc.  Bot.'  vol.  viii.  1864,  p.  120. 

Nr^ana  prmtrala  (NolanaceEe). — I'lante  covered  np  in  the  green- 
house, yielded  seeds  by  weight  compared  with  imoovered 
plants,  the  flowers  of  whiob  were  visited  by  many  bees, 
in  the  ratio  of  100  to  61. 

Ajaga  reptai.s  (LabitttiB),~Set  a  good  many  seeds;  but  none  of 
the  sterna  under  a  net  prodoced  so  many  as  several  no- 
oovered  stems  growing  closely  by. 

Euphrasia  qficinalis  (Scropbulaiiacete).— Covered-up  plants  pro- 
duced plenty  of  seed;  whether  less  Uian  the  oxposod  plants  1 
cannot  say.  I  saw  tvro  small  Dipterous  insects  (^Dotickopn* 
n^ripennis  and  Empii  chioptera)  repeatedly  sucking  the 
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k  flowers ;  as  they  crawled  into  them,  they  rubbed  agdinst  the 
bristles  which  project  irom  the  authors,  and  become  dnsled 
with  pollen. 

veronica  agralis  (Scrophulttriaceie). — Covered-appjanta  produced 
an  abundance  of  seeds.  I  do  not  know  whether  any  irsecta 
■visit  tJie  flowers;  but  I  haye  obsorved  SjrphidtB  repeatedly 
covered  with  pollen  Tieilicg  the  flowers  of  V.  hsdera/nliii  and 
chatiuedrya, 

Mimulas  luteus  (Scrophulariaceffl).— Highly  self-fertile. 

Cakeolaria  (greenhouse  variety)  (ScropbiilariacoRi).— Highly  self- 
fertile. 

Verbascum  thapsus  (Scrophulariacete).— Highly  self-fertile 

V.  iycAnifM.— Highly  self-fertile. 

Vandellia  nummulaTi/olia  (Scropiulariaceffi).— Perfect  flowers 
produce  a  good  many  capseles. 

UarUia  o(ton<rtes{Scrophulariaeoffi). — Covered- up  plants  produced 
a  good  many  seeds ;  but  Heverat  of  these  were  shrivelled,  nor 
were  they  so  numerous  as  those  produced  by  unprotected 
plants,  which  were  incesBontly  visited  by  hive  and  humble- 
bees. 

Speovikaia  ipecuhim  (Lobeliacese).  —  Covered  plants  produced 
almost  as  many  capsuJes  as  the  uncovered. 

Laetiuxi  aativa  (Compositw). — Covered  plants  produced  some 
seeds,  bat  the  summer  was  wot  and  unfavourable. 

Q^itim  aparine  (Rubiacera).— Covered  plants  prodneed  quite  as 
many  seeds  as  the  uncovered. 

Apiuin  prtrosdiniim  (UmbollifenB).-— Covered  plautfl  apparently 
were  as  productive  as  the  uncovered. 

Zea  mayi  (Graminem).  —  A  single  plant  in  the  greenhoUBe 
produced  a  good  many  grains. 

Oaanna  leriTsceuiiczi  (Marantaceffi). — Highly  self-fertile. 

OrtMiacoE.  —  In  Europe  0/ihii/a  apifera  is  an  regularly  self- 
tertiljaed  as  is  any  clcistogono  flower.  In  the  United  Slates, 
South  Africa,  and  Austiulia  there  are  a  few  species  which 
are  perfectly  self-fertile.  These  several  cases  are  given  in 
the  2nd  edit,  of  my  work  on  the  Fertilisation  of  Orchids. 

AUium  ce/ni  (blood  red  var,)   (Liliacete).— Pour  flowct-heads  were 

covered  with  a  net,  and  they  produced  somewhat  fewer  and 

smaller  capsules  than  those  on  the  uncovered  heads.    The 

^^^      capsules  were  counted  on  one  uncovered  head,  and  were  289 

^^^L    in  nomber ;  whilst  those  on  a  fine  head  from  under  the  net^ 

^^^V  were  only  199. 
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Eaiih  of  these  lists  contains  by  a  mere  accident  the 
same  number  of  genera,  viz.,  forty-nine.  The  genera 
in  the  first  list  include  sixty-five  species,  and  those  in 
the  second  sixty  species ;  the  Orchidese  in  both  being 
excluded.  If  the  genera  in  this  latter  order,  as  well  as 
in  the  Asclepia<lre  and  Apocynacese,  had  been  included, 
the  number  of  species  which  are  sterile  if  insects  are 
excluded  would  have  been  greatly  increased ;  but  the 
lists  are  confined  to  species  which  were  actually  expe- 
rimented on.  The  results  can  be  considered  as  only 
approximately  accurate,  for  fertility  is  so  variable  a 
character,  that  each  species  ought  to  have  been  tried 
many  times.  The  above  number  of  species,  namely, 
125,  is  as  nothing  to  the  host  of  living  plants ;  but 
the  mere  fact  of  more  than  half  of  them  being  sterile 
within  the  specified  degree,  when  insects  are  excluded, 
is  a  striking  one;  for  whenever  pollen  has  to  be  carried 
from  the  anthers  to  the  stigma  in  order  to  ensure  full 
fertility,  there  is  at  least  a  good  chance  of  cross-fertili- 
sation. I  do  not,  however,  believe  that  if  all  known 
plants  were  tried  in  the  same  manner,  half  would  be 
found  to  be  sterile  within  the  specified  limits;  for 
many  flowers  were  selected  for  experiment  which  pre- 
sented some  remarkable  structure ;  and  such  flowerg 
often  require  insect-aid.  Thus  out  of  the  forty-nine 
genera  in  the  first  list,  about  thirty-two  have  flowers 
which  are  asymmetrical  or  present  some  remarkable 
peculiarity ;  whilst  in  the  second  list,  including  species 
which  are  fully  or  moderate  y  fertile  when  insects  were 
excluded,  only  about  twenty-one  out  of  the  forty-nine 
are  asymmetrical  or  present   ny  remarkable  peculiarity. 

Meam  of  cress-fertilisation.- — The  most  important  of 
all  the  means  by  which  jollen  is  carried  from  the 
anthers  to  the  stigma  of  the  same  flower,  or  &om  flowet 
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to  flower,  are  insects,  belonging  to  the  orders  of 
Hymenoptera,  Lepidoptera,  and  Diptera ;  and  in  eome 
parts  of  the  world,  birds/  Next  in  importance,  bnt 
in  a  quite  subordinate  degree,  is  the  wind ;  and  with 
some  aquatic  plants,  according  to  Delpino,  currents  of 
water.  Tbe  simple  fact  of  the  necessity  in  many  cases 
of  extraneous  aid  for  the  transport  of  the  pollen,  and  the 
many  contrivances  for  this  purpose,  render  it  highly 
probable  that  some  great  benefit  is  thus  gained ;  and 
this  conclusion  has  now  been  firmly  established  by  the 
proved  superiority  in  growth,  vigour,  and  fertility  of 
plants  of  crossed  parentage  over  those  of  self -fertilised 
parentage.  But  we  should  always  keep  in  mind  that 
two  somewhat  opposed  ends  have  to  be  gained ;  the 
first  and  more  important  one   being  the   production 


'  I  wUI  here  give  nil  the  ciiaes 
known  to  mo  of  oirds  fLTtilising 

tlowers.  In  South  Brazil,  hum- 
itiing-birda  oeTtuitily  fertillEe  the 
variuUB  specisa  of  AbntUon,  which 
SK  Bteiili.' without  til cirui(I:(FritE 
Uiill«r,  '  JonniBche  Zeitsohrifc  f. 
NatunriBS.'  B.  vii.  1872,  u.  21.) 
lAiiK-l't^uked  humming-birda  visit 
tlid  ElowtiB  of  Bnigiuansis,  whilst 
Bomc  of  the  ahort-benkeil  Epeciee 
orteu  penetrate  ila  Inrge  corolla  in 
(mliT  to  obtjlQ  the  iieolnr  in  ao 
illegittmitte  luiinner.  in  tbe  game 
mauDer  as  do  bees  in  all  paita  nf 
the  world.  It  appiara,  indeed, 
thul  the  beaka  of  liniumiuji^birda 
are  specially  odojrted  to  tbe  tu- 
riotiB  kinds  of  tlowttrs  whiah  thej 
vibit:  on  t)ie  Cordillera  tl  eyaneK 
the  Siilviffi,  nod  liicerate  the 
Howera  of  tlieTaruiOiitiL-;  in  Nica- 
ragua. Mr.  Belt  buw  tLem  aiiahiu); 
the  Howera  of  MarcgraTia  and 
Erytlirina.  and  thus  thev  carried 
pollt'D  tVom  flower  to  Qnner.  In 
North  America  thny  are  aaid  to 
fre<[iient  the  fiowera  of  ImreilionB ; 
(Gould,  'lutroductkiu  to  Uie  Tio- 


ohiJidffi.'lSei.pp.  15,120;  'Gard. 
ChroniolB,'  1869,  p.  3S9;  'The 
Natureli't  iu  Nicaragua.'  p.  129; 
'iTouruul  of  Linu.  Sno.  But,'  mL 
xiiL  IST2,  p,  151,)  I  may  add 
tha.t  I  often  aitw  in  Chile  a  Mtraua 
with  its  head  yellow  with  poUen 
&Dm.  aa  I  bulicve,  a  Caasia.  I 
hiivc  been  asaured  that  at  the 
Cape  of  Good  Hope,  8trelit?.ia  ia 
fertilieed  by  the  Ni  ctarioidaa. 
There  can  h«rdly  bo  a  dunbt  that 
many  Anatraifaa  flowers  are  fer- 
liliBei  by  the  many  (lonev-anottng 
birda  of  that  country.  Mr.  Wal- 
lace remariB  (addreaa  to  ihi^  Bio- 
logical Section,  Biit.  Assoc,  lS7ti) 
that  ho  has  "often  ubaeryed  the 
!<euiiB  and  facea  of  the  hruDh- 
ta:igued  lorioa  of  tbe  Moluccas 
coverud  with  pollen,"  In  NoiV 
ZtaUw],  many  i^pecimena  of  tl,e 
AaOuirnit  mefauura  had  tiicir 
beada  coloured  with  pollen  from 
the  flowers  uf  an  endemio  ajKCiM 
of  Fuchiia  :  (Potts,  '  Twiwwfc,' 
New  Zealand  Inntltiitu,'  vol.  itG| 
1870,  p.  72,) 
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of  seeds  by  any  meaDs,  and  tte  second,  cross  ferti- 
lisation. 

The  advantages  derived  from  cross- fertilisation  throw 
a  flood  of  light  on  most  of  the  chief  characters  of  flowers, 
We  can  thus  understand  their  large  size  aiid  bright 
colours,  and  in  some  cases  the  bright  tints  of  the  ad- 
joining parts,  such  as  the  peduncles,  bracteie,  &c.  By 
this  meafas  they  are  rendered  conspicuous  to  insects, 
on  the  same  principle  that  almost  every  fruit  which  is 
devoured  by  birds  presents  a  strong  contrast  in  colour 
with  the  green  foliage,  in  order  that  it  may  be  seen, 
and  its  seeds  freely  disseminated.  With  aomo  flowers 
conspicuousness  is  gained  at  the  expense  even  of  the 
reproductive  organs,  as  with  the  ray-florete  of  many 
CompositjE,  the  exterior  flowers  of  Hydrangea,  aud  the 
terminal  flowers  of  the  Feather-hyacinth  or  Muscari. 
There  is  also  reason  to  believe,  and  this  was  the  opinion 
of  Sprengel,  that  flowers  differ  in  colour  in  accordance 
with  the  kinds  of  insects  which  frequent  them. 

Not  only  do  the  bright  colours  of  flowers  serve  to 
attrat:t  insects,  but  dark-coloured  streaks  and  marks 
are  often  present,  which  Sprengel  long  ago  maintained 
served  as  guides  to  the  nectary.  These  marks  follow 
the  veins  in  the  petals,  or  lie  between  them.  They 
may  occur  on  only  one,  or  on  all  excepting  one  or 
more  of  the  upper  or  lower  petals ;  or  they  may  form 
a  dark  ring  round  the  tubular  part  of  the  corolla,  or 
be  conflned  to  the  lips  of  an  irregular  flower.  In  the 
white  varieties  of  many  flowers,  such  as  of  Digitalis 
purpurea.  Antirrhinum  majiis,  several  species  of  Dian- 
thus,  Phlox,  Myosotis,  Rhododendron,  Pelargonium, 
Primula  and  Petunia,  the  marks  generally  persist, 
whilst  the  rest  of  the  corolla  has  become  of  a  pure 
white ;  but  this  may  be  duo  merely  to  tlieir  colour 
being  more  intense  and  thus  loss  readily  obliterated. 
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Bprengel's  notion  of  the  use  of  these  marks  as  guides 
appeared  to  me  for  a  long  time  fanciful ;  for  insects, 
without  such  aid,  readily  discover  and  bite  holes 
through  the  nectary  from  the  outside.  They  also 
discover  the  minute  nectar-secreting  glands  on  the 
Btipules  and  leaves  of  certain  plants.  Moreover,  some 
'few  plants,  such  as  certain  poppies,  which  ai'e  not 
nectariferous,  have  guiding  marks ;  but  we  might 
perhaps  expect  that  some  few  plants  woold  retain 
■teaces  of  a  former  nectariferous  condition.  On  the  other 
'Iiand,  these  marks  are  much,  more  common  on  asymme- 
■trical  flowers,  the  entrance  into  which  would  be  apt  to 
'puzzle  insects,  than  on  regular  flowers.  Sir  J.  Lubbock 
has  also  proved  that  bees  readily  distinguish  colours, 
and  that  they  lose  much  time  if  the  position  of  honey 
■which  they  have  once  visited  be  in  the  least  changed/ 
The  following  case  affords,  I  think,  the  best  evidence 
tiiat  these  marks  have  really  been  developed  in  corre- 
^Uition  with  the  nectary.  The  two  upper  petals  of  the 
»mmon  Pelafgonium  are  thus  marked  near  their  bases; 
'and  I  have  repeatedly  observed  that  when  the  flowers 
vary  so  as  to  become  peloric  or  regular,  they  lose  their 
nectaries  and  at  the  same  time  the  dark  marks. 
'Wben  the  nectary  is  only  partially  aborted,  only  one 
of  the  upper  petals  loses  its  mark.  Therefore  the  nec- 
'tary  and  these  marks  clearly  stand  iu  some  sort  of  close 
telation  to  one  another ;  and  the  simplest  view  is  that 
they  were  developed  together  for  a  special  purpose; 
the  only  conceivable  one  being  that  the  marks  serve  as 
'B  guide  to  the  nectary.  It  is,  however,  evident  from 
what  has  been  already  said,  that  insects  could  discover 
the  nectar  without  the  aid  of  guiding  marks.  They 
ue  of  service  to  the  plant,  only  by  aiding  insects  to 


'  Britlah  WUd  Flowers  in  ttlation  to  laaraU,'  1S75,  p.  U. 
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visit  and  suck  a  greater  number  of  flowers  witliiu  a 
given  time  than  would  otherwise  be  possible ;  and  thus 
there  will  be  a  lietter  chance  of  fertilisation  by  pollen 
brought  from  a  distinct  plant,  and  this  we  know  is  of 
paramount  importance. 

The  odours  emitted  by  flowers  attract  insects,  as  I 
have  observed  in  the  case  of  plants  covered  by  a  muslin 
net.  Nageli  afRxed  artificial  flowers  to  bninches, 
scenting  some  with  esaential  oils  and  leaving  others 
unscented ;  and  insects  were  attracted  to  the  former  in 
an  unmistakable  manner.*  Not  a  few  flowers  are  both 
conspicuous  and  odoriferous.  Of  all  colours,  white  is 
the  prevailing  one;  and  of  white  flowers  a  considerably 
larger  proportion  smell  sweetly  than  of  any  other 
colour,  namely,  14 '6  per  cent. ;  of  red,  only  8'2  per 
cent,  are  odoriferous.t  The  fact  of  a  larger  proportion 
of  white  flowers  smelling  sweetly  may  depend  in  part 
on  those  which  are  fertilised  by  moths  requiring  the 
double  aid  of  conspicuousness  in  the  dusk  aud  of 
odour.  So  great  is  the  economy  of  nature,  that  most 
flowers  which  are  fertilised  by  crepuscular  or  nocturnal 
insecte  emit  their  odour  chiefly  or  exclusively  in  the 
evening.  Some  flowers,  however,  which  are  highly 
odoriferous  depend  solely  on  this  quality  for  their  fer- 
tilisation, such  as  the  night-flowering  stock  (Hesperia) 
and  some  speuiea  of  Daphne ;  and  these  present  the 
rare  case  of  flowers  which  are  fertilised  by  insects  being 
obscurely  colonred. 

The  storage  of  a  supply  of  nectar  in  a  protected  place 
is  manifestly  connected 'with  the  visits  of  insects.  So 
is  the  position  which  the  stamens  and  pistils  occupy, 

*  '  Enstshuag.  An.,  dor  Natnr-  and.    by  Sclifibler    nnd    Kuhli?. 

hiBt.  Art.'    IHi;.%p.  23.  I   hnvu  not  seen    tbeir  original 

t  Tlii!  Ci'lnure   gind   odoun   of  woiku,   but   a  Very  full   abatroot 

Hut  Uuwere  at  42(1(1  Bpcdca  bare  ia  ^v<a  in  lAtidmi's  'Oordeuer'i 

been    tabulated    b;   lA>idKwl>e,  Mug.' vol.  xiii.  1S87,  p.  367. 
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either  permanently  or  at  the  proper   period  through 
their  own  movements ;  for  when  mature  they  invariably 
stand   in   the  pathway  leading  to  the  nectary.     The 
shape  of  the  nectary  and  of  the  adjoining  parts  are 
likewise  related  to  the  particular  kinds  of  insects  which 
habitually  visit  the  flowers ;  this  has  been  well  shown 
I  by  H.  Miiller  by  his  comparison  of  lowland  species 
fwhich  are  chiefly  visited  by  bees,  with  alpine  species 
r  belonging   to  the  same  genera  which  are  visited    by 
butterflies.*     Flowers  may  also  be  adapted  to  certain 
kinds  of  insects,  by  secreting  nectar  particularly  attrac- 
tive to  them,  and  unattractive  to  other  kinds ;  of  which 
fact  EpipacHs  latifolia  offers  the  most  striking  instance 
known  to  me,  as  it  is  visited  exclusively  by  wasps. 
Structures  also   exist,  such  as   the   hairs  within  the 
L  corolla  of  the  foxglove  (Digitalis),  which  apparently 
f  serve  to  exclude  insects  that  are  not  well  fitted  to  bring 
r  pollen  from  one  flower  to  another.f    I  need  say  nothing 
here  of  the   endless  contrivances,  such  as  the  viscid 
glands  attached  to  the  polleo-maases  of  the  Orchidese 
and  Asclepiadee,  or  the  viscid  or  roughened  state  of 
the  pollen-grains  of  many  plants,  or  the  irritability  of 
their  stamens  which  move  when  touched  by  insects,  &o., 
— as  all  these  contrivances  evidently  favour  or  ensure 
L  etoss-fertilisation. 

I      All  ordinary  flowers  are  ao  far  open  that  insects  can 

"  force    an   entrance   into   them,   notwithstanding  that 

some,   like    the    Snapdragon   (Antirrhinum),   various 

Papilionaceous    and    Fumariaceous    flowers,    are     ia 

appearance  closed.     It  cannot  be  maintained  that  their 

I  openness  is  necessary  for  fertility,  as  cleistogone  flowers 

I  which  are  permanently  closed  yield  a  full  complement 

Vof  seeds.     Pollen  contains  much  nitrogen  and   phi 


u 


376 


MEANS   OP    OBOSS-PEETILIBATrON. 


phoiiis — the  two  moat  precious  of  all  the  elements  for 
the  growth  of  plants— but  in  the  case  of  most  open 
flowers,  a  large  quantity  of  pollen  is  consumed  by 
poUen-devouiing  insects,  and  a  large  quantity  is 
destroyed  during  long-continued  rain.  With  many 
plants  this  latter  evil  is  guarded  against,  as  far  as 
ia  possible,  by  the  anthers  opening  only  during  dry 
weather,*^by  the  position  and  form  of  some  or  all  of 
the  petals, — by  the  presence  of  haira,  &c.,  and  as  Kerner 
has  shown  in  bis  interesting  essay ,t  by  the  movemente 
of  the  petals  or  of  the  whole  flower  during  cold  and  wet 
weather.  In  order  to  compensate  the  loss  of  pollen  in 
80  many  ways,  the  anthers  produce  a  far  larger  amount 
than  is  necessary  fur  the  fertilisation  of  the  same  flower. 
I  know  this  from  my  own  experiments  on  Ipomcea, 
given  in  the  Introduction ;  aud  it  is  still  more  plainly 
shown  by  the  astonishingly  small  quantity  produced 
by  cleistogene  flowers,  which  lose  none  of  theit  pollen, 
in  comparison  with  that  produced  by  the  open  flowers 
borne  by  the  same  plants ;  and  yet  this  small  quantity 
suffices  for  the  fertilisation  of  all  their  numerous  seeds- 
Mr.  Hassall  took  pains  in  estimating  the  number  of 
pollen-grains  produced  by  a  flower  of  the  Dandelion 
(Leontodoni,  and  found  the  number  to  be  243,600, 
and  in  a  Pasony  3,654,000  grains.}  The  editor 
of  the  '  Botanical  Register '  counted  the  ovules  in  the 
flowers  of    Wistaria  linenBif,  and  carefully  estimated 


•  Mr.  Blaokley  observed  that 
tLe  ripe  antliors  of  rie  did  not 
dubia<:e  nbilat  kept  under  a  boU- 
glasii  in  B,  damp  aCtnoBpliere. 
whiUt  otiiei  sntbeiB  expoeed  to 
lbs  aame  tempi  mtnre  ld  Ibeopi^n 
air dibiemd freely.  Hoalao found 
much  more  imllen  ndhering  to 
the  Btiokv  lilies,  wbioh  were 
attached  to  kitoa  aod  sent  higb 


>  iCxperimental    Itesi'iirohes     an 
Hay  Puver.-  1873,  p.  127. 
t  '  Die  SahuUmittel   diM  Pol- 
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the  number  of  pollen-grama,  and  he  found  that  for  each 
OTuIe  there  were  7,000  grains."  With  Mirabilis,  three 
or  four  of  the  very  large  pollen-grains  are  sufficient  to 
fertilise  an  ovule ;  but  1  do  not  know  liow  many  grains 
a  flower  produces.  With  HibiacuB,  Kolreuter  found 
that  sixty  grains  were  necessary  to  fertilise  all  the  ovules 
of  a  flower,  and  he  calculated  that  4863  grains  were 
produced  by  a  single  flower,  or  eighty-one  timea  too 
many.  With  Geum  urbanum,  however,  according  to 
Gartner,  the  pollen  is  only  ten  times  too  much.f  As 
we  thus  see  that  the  open  state  of  all  ordinary  flowers, 
and  the  consequent  loss  of  much  pollen,  necessitate  the 
development  of  so  prodigious  an  excess  of  this  precious 
substance,  why,  it  may  be  asked,  are  flowers  always  left 
open  ?  As  many  plants  exist  throughout  the  vegetable 
kingdom  which  bear  cleistogene  flowers,  there  can 
hardly  be  a  doubt  that  all  open  flowers  might  easily 
have  been  converted  into  closed  ones.  The  graduated 
steps  by  which  thia  process  could  have  been  effected 
may  be  seen  at  the  present  time  in  Lathyrtis  nissolia, 
Biophytum  Benaitivv/m,  and  several  other  plants.  The 
answer  to  the  above  question  obviou^sly  is,  that  with 
permanently  closed  flowers  there  could  be  no  cross- 
fertilisation. 

The  frequency,  almost  regularity,  with  which  pollen 
is  transported  by  insects  from  flower  to  flower,  often 
from  a  considerable  distance,  well  deserves  attention.^ 


'  Ottrd.    Cbron.' 


•  Qnoted    in 
I846,j>.  771. 
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This  is  beat  shown  by  the  impusaibility  in  many  cases 
of  raising  two  varieties  of  the  same  species  pure,  if  they 
grow  at  all  near  together ;  but  to  this  subject  I  shall 
presently  return ;  also  by  the  many  cases  of  hybrids 
which  have  appeared  spontaneously  both  in  gardens  and 
a  state  of  nature.  With  respect  to  the  distance  from 
which  pollen  is  often  brought,  no  one  who  has  had  any 
experience  would  expect  to  obtain  pure  cabbage-seed, 
for  instance,  if  a  plant  of  another  variety  grew  within 
two  or  three  hundred  yards.  An  accurate  observer, 
the  late  Mr,  Masters  of  Canterbury,  assured  me  that 
he  once  luid  his  whole  stock  of  seeds  "  seriously  affected 
with  purple  bastards,"  by  some  plants  of  purple  kale 
which  flowered  in  a  cottager's  garden  at  the  distance  of 
half  a  mile ;  no  other  plant  of  this  variety  growing  any 
nearer."  But  the  moat  striking  ojise  which  has  been  re- 
corded is  that  by  M.  Godron,t  who  shows  by  the  nature 
of  the  hybtids  produced  that  Primula  grandiflora  must 
have  beeu  crossed  with  pollen  brought  by  bees  from 
P.  officinalis,  growing  at  the  distance  of  above  two 
kilometres,  or  of  about  one  English  mile  and  a  quarter- 
All  those  who  have  long  attended  to  hybridisation, 
insist  in  the  strongest  terms  on  the  liability  of  castrated 
flowers  to  be  fertilised  by  pollen  brought  from  distant 
plants  of  the  same  species.^   The  following  ease  shows 
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this  in  the  clearest  manner:  Gartner,  before  ha  had 
gained  much  experience,  castrated  and  fertilised  520 
flowers  un  various  species  with  pollen  of  other  genera 
or  other  specie3,  but  left  them  unprotected  ;  for,  as  he 
says,  he  thought  it  a  laughable  idea  tliat  pollen  should 
be  brought  from  flowers  of  the  same  species,  none  of 
which  grew  nearer  than  between  500  and  GOO  yai^da.* 
The  result  was  that  289  of  these  520  flowers  yielded  no 
seed,  or  none  that  germinated  ;  the  seed  of  29  Sowers 
produced  hybrids,  such  as  might  have  been  expected 
from  the  nature  of  the  pollen  employed  ;  and  lastly, 
the  seed  of  the  remaining  202  flowers  produced  per- 
fectly pure  plants,  so  that  these  flowers  must  have 
been  fertilised  by  pollen  brought  by  insects  from  a 
distance  of  between  500  and  600  yards.!  It  is  of 
course  possible  that  some  of  these  202  flowers  might 
have  been  fertilised  by  pollen  left  accidentally  in 
them  when  they  were  castrated ;  but  to  show  how 
improbable  this  is,  I  may  add  that  Gartner,  during  the 
nest  eighteen  years,  castrated  no  less  than  8042  flowers, 
and  hybridised  them  in  a  closed  room ;  and  the  seeds 
from  only  seventy  of  these,  that  is  considerably  less 
than   1   per   cent,,   produced   pure    or    tmhybridised 
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From  the  various  facta  now  given,  it  is  evident  that 
moat  flowers  are  adapted  in  an  admirable  manner  for 
cross-fertilisation.  Nevertheless,  the  greater  number 
likewise  present  structures  which  are  manifestly 
adapted,  though  not  in  so  striking  a  manner,  for  self- 
fertilisation.  The  chief  of  these  is  their  hermaphrodite 
condition ;  that  is,  their  including  within  the  same 
corolla  both  the  male  and  female  reproductive  organs. 
These  often  stand  close  together  and  are  mature  at 
the  same  time ;  so  that  pollen  from  the  same  flower 
cannot  fail  to  be  deposited  at  the  proper  period  on  the 
stigma.  There  are  also  various  details  of  structure 
adapted  for  self-fertilisation.*  Such  structures  are 
best  shown  in  those  curious  cases  discovered  by  H. 
Miilier,  in  which  a  species  exists  under  two  forms, — 
one  bearing  conspieuons  flowers  fitted  for  cross-fertilisar 
tion,  and  the  other  smaDer  flowers  fitted  for  self-fer- 
tilisation, with  many  parts  in  the  latter  slightly 
modified  for  this  special  purpose.t 

As  two  objects  in  most  respects  opposed,  namely, 
cross-fertilisation  and  self-fertilisation,  have  in  many 
cases  to  be  gained,  we  can  understand  the  co-existence 
in  BO  many  flowers  of  structures  which  appear  at  first 
sight  unnecessarily  complex  and  of  an  opposed  nature. 
We  can  thus  understand  the  great  contrast  in  structure 
between  cleiatogene  flowers,  which  are  adapted  exclu- 
sively for  self-fertilisation,  and  ordinary  flowers  on  the 
same  plant,  which  are  adapted  so  as  to  allow  of  at  least 
occasional  cross-fertilisation.t     The  former  are  always 
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minute,  completely  closed,  with  their  petals  more  or 
less  radimentary  and  never  brightly  coloured ;  they 
never  secrete  nectar,  never  are  odoriferous,  have  very 
small  anthers  which  produce  only  a  few  grains  of  pollen, 
and  their  stigmas  are  but  little  developed.  Bearing 
in  mind  that  some  flowers  are  cross-fertilised  by  the 
wind  (called  anemophiloua  by  Delpino),  and  others 
by  insects  (called  entomophilous),  we  can  further 
understand,  aa  was  pointed  out  by  me  several  years 
ago,"  the  great  contrast  in  appearance  between  these 
two  classes  of  flowers.  Anemophiloua  flowera  resemble 
in  many  respects  cleistogene  flowers,  but  differ  widely 
in  not  being  closed,  in  producing  an  extraordinary 
amount  of  pollen  which  is  always  incoherent,  and 
in  the  stigma  often  being  largely  developed  or 
plumose.  We  certainly  owe  the  beauty  and  odour  of 
our  flowers  and  the  storage  of  a  large  supply  of  honey 
to  the  existence  of  insects. 

On  the  Bdation  between  the  Structure  and  ConsptcMows- 
nesB  of  Flowers,  the  Visits  of  Insects,  and  the  Advan- 

L     taffea  of  Cross  fertilisation. 

I  It  has  already  been  shown  that  there  is  no  close 
relation  between  the  number  of  seeds  produced  by 
flowers  when  crossed  and  aelf-fertilised,  and  the  degree 
to  which  their  offspring  are  affected  by  the  two  pro- 
cesses. I  have  alao  given  reasons  for  believing  that 
the  ineflScieney  of  a  plant's  own  pollen  is  in  moat  cases 
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an  incidental  result,  or  has  not  been  specially  acquired 
for  the  sake  of  preventing  aelf-fertUiaation.  On  the 
other  hand,  there  can  hardly  be  a  doubt  that  dichogamy, 
which  prevails  according  to  Hildebrand*  in  the  greater 
number  of  species, — that  the  heteroatyled  condition  of 
certain  plants, — and  that  many  mechanical  stnictnrra 
— have  all  been  acquired  so  as  both  to  cheek  eelf- 
t'ertilisation  and  to  favour  cross-fertilisation.  The 
means  for  favouring  cross-fertilisation  must  have  been 
acquired  before  those  which  prevent  self-fertilisation ; 
as  it  would  manifestly  be  injurious  to  a  plant  that 
its  stigma  should  fail  to  receive  its  own  pollen, 
unless  it  had  already  become  well  adapted  for  receiv- 
ing pollen  from  another  individual.  It  should  be 
observed  that  many  plants  still  possess  a  high  power 
of  self-fertilisation,  although  their  flowers  are  excel- 
lently constructed  for  cross-fertilisation^lbr  instance, 
tUuse  of  many  papilionaceous  species. 

It  may  be  admitted  as  almost  certain  that  some 
structures,  such  as  a  narrow  elongated  nectary,  or  a 
long  tubular  corolla,  have  been  developed  in  order 
that  certain  kinds  of  insects  alone  should  obtain  the 
nectar.  These  insects  would  thus  find  a  store  of  nectar 
preserved  from  the  attacks  of  other  insects ;  and 
they  would  thus  be  led  to  visit  frequently  such 
flowers  and  to  carry  pollen  from  one  to  the  other.! 
It  might  perhaps  have  been  expected  that  plants 
having  their  flowers  thus  peculiarly  constructed  would 
profit  in  a  greater  degree  by  being  crossed,  than 
ordinary  or  simple  flowers ;  but  this  does  not  seem 
to  hold  good.  Thus  Tropaolum  minus  has  a  long 
nectary  and   an   irregular  corolla,  whilst  Li/nnantheg 

•  'Die  Geaelilechtcr  Tertheil-      on    this  aubjeot  by    H.   HQllei; 
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doufflasii  baa  a  regular  flower  and  no  proper  nectary, 
yet  the  urosaed  seedlings  of  both  species  are  to  the 
self-fertilised  in  height  as  100  to  79.  Salvia  cocdnea 
has  an  irregular  corolla,  with  a  curious  apparatus  by 
which  insects  depress  the  stamens,  while  the -flowers 
of  Ipomcea  are  regular;  and  the  crossed  seedlings  of 
the  former  are  in  height  to  the  self-fertilised  as 
100  to  76,  whilst  those  of  the  Ipomoea  are  as  100  to 
77.  Fagopyrum  is  dimorphic,  and  Anagallis  cdlina  is 
non- dimorphic,  and  the  crossed  seedlings  of  both  are 
in  height  to  the  self-fertilised  as  100  to  69. 

With  all  European  plants,  excepting  the  compara- 
tiTely  rare  anemophilous  kinds,  the  possibility  of 
distinct  individuals  intercrossing  depends  on  the 
visits  of  insects ;  and  H.  Jliiller  has  proved  by  his 
valuable  observations,  that  largo  eonspicuoua  flowers 
are  visited  much  more  frequently  and  by  many  more 
kinds  of  insects,  than  are  small  inconspicuous  flowers. 
He  further  remarks  that  the  flowers  which  are  rarely 
visited  must  be  capable  of  self -fertilisation,  otherwise 
they  would  quickly  become  extinct.  •  There  is,  how- 
ever, some  liability  to  error  in  forming  a  judgment 
on  this  head,  from  the  extreme  difficulty  of  ascertain- 
ing whether  flowers  which  are  rarely  or  never  visited 
during  the  day  (as  in  the  above  given  case  of  Fvmaria 
capredala)  are  uot  visited  by  small  nocturnal  Lepi- 
doptera,  which  are  known  to  be  strongly  attracted  by 
sugar. t  The  two  lists  given  in  the  early  part  of 
this  chapter  support  Miillor's  conclusion  that  small 
and   inconspicuous  flowers  are  completely  self-fertile  : 

'  Berniohtung/    So:.,   p.  426.  collertor  of  Noctum,  aime  Tery 
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for  only  eight  or  nine  out  of  the  125  species  in  the 
two  lists  come  under  thia  head,  and  all  of  these  were 
proved  to  be  highly  fertile  when  insects  were  excluded. 
The  singularly  inconspicuous  flowers  of  the  Fly 
Ophrys  (0.  musei/era),  as  I  have  elsewhere  shown,  are 
rarely  visited  by  insects  ;  and  it  is  a  strange  instance  of 
imperfection,  in  contradiction  to  the  above  rule,  that 
these  flowers  are  not  self-fertile,  so  that  a  large  pro- 
portion of  them  do  not  produce  seeds.  The  converae 
of  the  rule  that  plants  bearing  small  and  inconspicuous 
flowers  are  self-fertile,  namely,  that  plants  with  large 
and  conspicuous  flowers  are  self-aterile.  is  fat  from  true, 
as  may  be  seen  m  our  second  list  of  spontaneously 
self-fertile  species ;  for  this  list  includes  such  species  as 
Ipomcea  purpurea,  Adonis  Kstivalis,  Verhascwn  thapsim, 
Pisiim  saiivum,  Laihyrus  odoratus,  some  species  of 
Papaver  and  of  Nyniphiea,  and  others. 

The  rarity  of  the  visits  of  insects  to  small  flowers, 
does  not  depend  altogether  on  their  ineonspicuousness, 
but  likewise  on  the  absence  of  some  sufficient  attraction ; 
for  the  flowers  of  TrifoUum  a/rvense  are  extremely 
small,  yet  are  incessantly  visited  by  hive  and  humble- 
bees,  as  are  tlie  small  and  dingy  flowers  of  the 
asparagus.  The  flowers  of  Linaria  cifmhalaria  are 
small  and  not  very  conspicuous,  yet  at  the  proper  time 
they  are  freely  visited  by  hive-bees.  I  may  add  that, 
according  to  Mr.  Bennett,*  there  is  another  and  quite 
distinct  class  of  plants  which  cannot  be  much  frefjuented 
by  insects,  as  they  flower  either  exclusively  or  often 
during  the  winter,  and  these  seem  adapted  for  self- 
fertilisation,  as  they  shed  their  pollen  before  the  flowers 
expand. 

That  many  flowers  have  been  rendered  conspicuotu 
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for  the  sake  of  guiding  insects  to  them  is  highly 
probable  or  almost  certain  ;  but  it  may  be  aaked,  have 
other  flowers  been  rendered  inconspicuous  so  that  they 
may  not  be  tiequently  visited,  or  have  they  merely 
retained  a  former  and  primitive  condition  ?  If  a  plant 
were  much  reduced  in  size,  so  probably  would  be  the 
flowers  through  correlated  growth,  and  this  may  possibly 
account  for  some  cases ;  but  the  size  and  colour  of  the 
corolla  are  both  extremely  variable  characters,  and  it 
can  hardly  be  doubted  that  if  large  and  brightly- 
coloured  flowers  were  advantageous  to  any  species, 
these  could  be  acquired  through  natural  selection 
within  a  moderate  lapse  of  time,  as  indeed  we  see  with 
most  alpine  plants.  Papilionaceous  flowers  are  mani- 
festly constructed  in  relation  to  the  visits  of  insects, 
and  it  seems  improbable,  from  the  usual  character  of 
the  group,  that  the  progenitors  of  the  genera  Vicia 
and  Trifolium  produced  such  minute  and  unattractive 
flowers  as  those  of  V.  kirsuia  and  T.  procumhens.  We 
are  thus  led  to  infer  that  some  plants  either  have  not 
had  their  flowers  increased  in  size,  or  have  actually 
had  them  reduced  and  purposely  rendered  incon- 
spicuous, so  that  they  are  now  but  little  visited  by 
insects.  In  either  case  they  must  also  have  acquired 
or  retained  a  high  degree  of  self- fertility. 

If  it  became  from  any  cause  advantageous  to  a  spe- 
cies to  have  its  capacity  for  self-fertilisation  increased, 
there  is  little  difficulty  in  believing  that  this  could 
readily  be  effected;  for  three  cases  of  planta  varying 
in  such  a  manner  as  to  be  more  fertile  with  their  own 
pollen  than  they  originally  were,  occurred  in  the 
course  of  my  few  experiments,  namely,  with  Mimulua, 
Ipomcea,  and  Nicotiana.  Nor  is  there  any  reason  to 
doubt  that  many  kinds  of  plants  are  capable  under 
favourable  circumstances   of  propagating   themBelvei 


3  0E0B8-PERT1I.1SATI0N.  Chap.  X. 

for  very  many  generations  by  aell'-fertilisation.  TMa 
is  the  case  with  the  varieties  of  Piaum  sativum  and 
'of  LaihyruB  odoratue  which  are  cultivated  in  England, 
and  with  Ophrys  apt/era  and  some  other  plants  in  a 
state  of  nature.  Keverthetess,  most  or  all  of  these 
plants  retain  structures  in  an  efficient  state  which 
cannot  be  of  the  least  use  excepting  for  cross- 
fertilisation.  We  have  also  seen  reason  to  suspect 
tha,t  self-fertilisation  is  in  some  peculiar  manner  bene- 
ficial to  certain  plants  ;  but  if  this  be  really  the  case, 
the  benefit  thus  derived  is  far  more  than  counter- 
balanced by  a  cross  with  a  fresh  btock  or  with  a 
slightly  different  variety. 

Notwithstanding  the  several  considerations  juat 
advanced,  it  seems  to  me  highly  improbable  that 
plants  bearing  small  and  inconspicuous  flowers  have 
been  or  should  continue  to  be  subjected  to  self- 
fertilisation  for  a  long  series  of  generations.  I  think 
BO,  not  from  the  evil  which  manifestly  follows  from 
self-fertilisation,  in  many  cases  even  in  the  first  gene- 
ration, as  with  Viola  tricolor,  Sarothamnus,  Nemo- 
phila,  Cyclamen,  &a. ;  nor  from  the  probability  of  the 
evil  increasing  after  several  generations,  for  on  this 
latter  head  I  have  not  sufficient  evidence,  owing  to  the 
manner  in  which  my  experiments  were  conducted.  But 
if  plants  bearing  small  and  inconspicuous  flowers  were 
not  occasionally  intercrossed,  and  did  not  profit  by  the 
process,  all  their  flowers  would  probably  have  been 
rendered  cleistogene,  as  they  would  thus  have  lai^ely 
benefited  by  having  to  produce  only  a  small  quantity 
of  safely-protected  pollen.  In  coming  to  this  con- 
clusion, I  have  been  guided  by  the  frequency  with 
whichplants  belonging  to  distinct  orders  have  been 
rendered  cleistogene.  But  I  can  hear  of  no  instance 
of  a  species  with  ail  its  flowere  rendered  permanently 
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oleistogeiie.  Leersia  makes  the  nearest  approach  to 
this  state ;  but  as  already  stated,  it  has  been  known 
to  produce  perfect  flowers  in  one  part  of  Germany. 
Some  other  plants  of  the  cleistogene  class,  for  instance 
Aspicarpa,  have  failed  to  produce  perfect  flowers  duiing 
several  years  in  a  hothouse ;  but  it  does  not  follow  that 
they  would  fail  to  do  so  in  their  native  country,  any 
more  than  with  Vandellia,  which  with  me  produced 
only  cleistogene  flowers  during  certain  years.  Planto 
belonging  to  this  class  commonly  bear  both  kinds  of 
flowers  every  season,  and  the  perfect  flowers  of  Viala 
canina  yield  fine  capsules,  hut  only  when  visited  by 
bees.  We  have  also  seen  that  the  seedlings  of  Ononis 
mimdissima,  raised  from  the  perfect  flowers  fertilised 
with  pollen  from  another  plant,  were  finer  than  those 
from  self-fertilised  flowers ;  and  this  was  likewise  the 
case  to  a  certain  extent  with  Vandellia.  As  therefore 
no  species  which  at  one  time  bore  small  and  incon- 
spicuous flowers  has  had  all  its  flowers  rendered 
cleistogene,  I  must  believe  that  plants  now  bearing 
small  and  inconspicuous  flowers  profit  by  their  still 
remaining  open,  so  Bit  to  be  occasionally  intercrossed 
by  insects.  It  has  been  one  of  the  greatest  oversights 
in  my  work  that  I  did  not  esperimentise  on  such 
'era,  owing  to  the  difficulty  of  fertilising  them,  and 
my  not  having  seen  the  importance  of  the  subject." 
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It  should  be  remembered  that  in  two  of  the  cases  in 
which  highly  self-fertile  varieties  appeared  amongst 
my  experimental  plants,  namely,  with  Mimulua  and 
Nicotiana,  such  varieties  were  greatly  benefited  by  a 
cross  with  a  fresh  stock  or  with  a  shghtly  different 
variety;  and  this  likewise  was  the  case  with  the 
cultivated  varieties  of  Ftsum  sativum  and  Lathyrus 
odoratus,  which  have  been  long  propagated  by  self- 
fertilisation.  Therefore  until  the  contrary  is  distinctly 
proved,  1  must  believe  that  as  a  general  rule  small  and 
inconspicuous  flowers  are  occasionally  intercrossed  by 
insects ;  and  that  after  long-continued  self-fertilisation, 
if  they  are  crossed  with  pollen  brought  from  a  plant 
growing  under  somewhat  different  conditions,  or 
descended  from  one  thus  growing,  their  offspring 
would  profit  greatly.  It  cannot  be  admitted,  under 
our  present  state  of  knowledge,  that  self-fertilisation 
continued  during  many  successive  generations  is  ever 
the  most  beneficial  method  of  reproduction. 

The  Means  whiek  favour  or  ensure  Flowers  being  fer- 
tilised  with  PoUenfrom  a  distiiict  Plant. — We  have  seen 
in  four  cases  that  seedlings  raised  from  a  cross  between 
flowers  on  the  same  plant,  even  on  plants  appearing 
distinct  fi^m  having  been  propagated  by  stolons  or  cat- 
tings,  were  not  superior  to  seedlings  from  self-fertilised 
flowers;  and  in  a  fifth  case  (Digitalis)  superior  only 
in  a  slight  degree.  Therefore  we  might  espect  that 
with  plants  growing  in  a  state  of  nature  a  cross  between 
the  flowers  on  distinct  individuals,  and  not  merely 
between  the  flowers  on  the  same  plant,  would  generally 
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or  often  be  effected  by  some  means.  The  fact  of  bees 
and  of  Bome  Diptera  visiting  the  flowera  of  the  same 
species  as  long  as  they  can,  instead  of  promiscaously 
visiting  various  species,  favours  the  intercrossing  of 
distinct  plants.  On  the  other  hand,  insects  usually 
search  a  largo  number  of  flowers  on  the  same  plant 
before  they  fly  to  another,  and  this  is  opposed  to  cross- 
fertilisation.  The  extraordinary  number  of  flowers 
which  beea  are  able  to  search  within  a  very  short  space 
of  time,  as  will  be  shown  in  a  future  chapter,  increases 
the  chance  of  cross-fertilisation ;  as  does  the  fact 
that  they  are  not  able  to  perceive  without  entering  a 
flower  whether  other  bees  have  exhausted  the  nectar. 
For  instance,  H.  Miiller  found*  that  four-fifths  of  the 
flowers  of  Lamium  album  which  a  hitmble-bee  visited 
had  been  already  exhausted  of  their  nectar.  In  order 
that  distinct  plants  should  be  intercrossed,  it  is  of  course 
indispensable  that  two  or  more  individuals  should  grow 
near  one  another ;  and  this  is  generally  the  case.  Thus 
A.  do  CandoUe  remarks  that  in  ascending  a  mountain 
the  individuals  of  the  same  species  do  not  commonly 
disappear  near  its  upper  limit  quite  gradually,  but 
rather  abruptly.  This  fact  can  hardly  be  explained 
by  the  nature  of  the  conditions,  as  these  graduate  away 
in  an  insensible  manner,  and  it  probably  depends  in 
large  pai-t  on  vigorous  seedlings  being  produced  only 
as  high  up  the  mountain  as  many  individuals  can 
subsist  together. 

With  respect  to  dicecious  plants,  distinct  individuals 
must  always  fertilise  each  other.  With  monoecious 
plants,  as  poUcn  has  to  be  carried  from  flower  to  flower, 
there  will  always  be  a  good  chance  of  its  being  carried 
from  plant  to  plant,     Delpiuo  has  also  observed  f  the 

•   'Die   Jtefniohtung,'  . 
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curious  fact  that  certain  individuals  of  the  monaecious 
walnut  (JuglavM  regia)  are  proterandrous,  and  others 
proterogynous,  and  these  will  reciprocally  fertilise  each 
other.  So  it  is  with  the  common  nut  {Goryius  avdlana),' 
and,  what  is  more  surprising,  with  some  few  her- 
maphrodite plants,  as  observed  by  H,  Mnlier.t  These 
latter  plants  cannot  fail  to  act  on  each  other  like 
dimorphic  or  trimorphic  species,  in  which  the  union 
of  two  individuals  is  necessary  for  full  and  normal 
fertility.  With  ordinary  hermaphrodite  species,  the 
expansion  of  only  a  few  flowers  at  the  same  time  is  one 
of  the  simplest  means  for  favouring  the  intercrossing  of 
distinct  individuals ;  but  this  would  render  the  plants 
less  conspicuous  to  insects,  unless  the  flowers  were  of 
large  size,  as  in  the  case  of  several  bulbous  plants. 
Kemer  thinks  %  that  it  is  for  this  object  that  the 
Australian  VUlarsia  pamassifoUa  produces  daily  only 
a  single  flower.  Mr.  Cheeseman  also  remarks,^  that 
as  certain  Orchids  in  New  Zealand  which  require 
insect-aid  for  their  fertilisation  bear  only  a  single 
flower,  distinct  plants  cannot  fail  to  intercross. 

Dichogamy,  which  prevails  so  esf^nHively  throngbont 
the  vegetable  kingdom,  much  increases  the  chance  of 
distinct  individuals  intercrossing.  With  proterandrous 
species,  which  are  far  more  common  than  pro- 
terogynous, the  young  flowers  are  exclusively  male 
in  function,  and  the  older  ones  exclusively  female; 
and  as  bees  habitually  alight  low  down  on  the  spLkea 
of  flowers  in  order  to  crawl  upwards,  they  get  dusted 
with  pollen  from  the  uppermost  flowers,  which  they 
carry  to  the  stigmas  of  the  lower  and  older  flowers 
on  the  next  spike  which  they  visit.     The  degree  bi 

•  'NHture,'  1875,  p,  2tj.  1  'Die  Si-lmlnnitW,'  ie.  p.  23, 
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which  distinct  plants  will  thus  be  iutercroaaed  depends 
on  the  number  of  spikea  in  full  flower  at  the  same  time 
on  the  same  plant.  With  proterogynous  flowers  and 
with  depending  racemes,  the  manner  in  which  insects 
visit  the  flowers  ought  to  be  reversed  in  order  that 
distinct  plants  should  be  intercrossed.  But  this  whole 
subject  requires  further  investigation,  as  the  great 
importance  of  crosses  between  distinct  individuals, 
instead  of  merely  between  distinct  flowers,  has  hitherto 
been  hardly  recognised. 

In  some  few  cases  the  Bpeeial  movements  of  certain 
organs  almost  ensure  pollen  being  carried  from  |ilant 
to  plant.  Thus  with  many  orchids,  the  poUen-massea 
after  becoming  attached  to  the  head  or  proboscis  of  an 
insect  do  not  move  into  the  proper  position  for  striking 
the  stigma,  until  ample  time  has  elapsed  for  the  insect 
to  fly  to  another  plant.  With  Spiraniltss  aiUumnaUe, 
the  pollen-masses  cannot  be  applied  to  the  stigma  until 
the  labellum  and  rostellum  have  moved  apart,  and 
this  movement  is  very  slow."  With  Posoqyieria  fra- 
grana  (one  of  the  RubiaceiB)  the  same  end  is  gained  by 
the  movement  of  a  specially  constructed  stamen,  as 
desoribed  by  Fritz  Mailer. 

We  now  come  to  a  far  more  general  and  therefore 
more  important  means  by  which  the  mutual  fertilisation 
of  distinct  plants  is  effected,  namely,  the  fertilising 
power  of  pollen  from  another  variety  or  individual 
being  greater  than  that  of  a  plant's  own  pollen.  The 
simplest  and  best  known  case  of  prepotent  action 
in  pollen,  though  it  does  not  bear  directly  on  our 
present  subject,  is  that  of  a  plant's  own  pollen  over  that 
from  a  distinct  species.  If  pollen  from  a  distinct  species 
be  placed  on  the  stigma  of  a  castrated  Hower,  and  then 
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lifter  the  interval  of  several  hours,  pollen  from  the  same 
species  be  placed  on  the  stigma,  the  effects  of  the 
former  are  wholly  obliterated,  excepting  in  some  rare 
eases.  If  two  varieties  are  treated  in  the  same  manner, 
the  result  is  analogous,  though  of  directly  opposite 
nature ;  for  pollen  from  any  other  variety  ia  often  or 
generally  prepotent  over  that  from  the  same  flower.  I 
will  give  some  instances :  the  pollen  of  Mimuiw  liUem 
regularly  falls  on  the  stigma  of  its  own  flower,  for  the 
plant  is  highly  fertile  when  insects  are  excluded.  Now 
several  flowers  on  a  remarkably  constant  whitish  variety 
were  fertilised  without  being  castrated  with  pollen  from 
a  yellowish  variety  ;  and  of  the  twenty-eight  seedlings 
thus  raised,  every  one  bore  yellowish  flowers,  so  that 
the  pollen  of  the  yellow  variety  completely  overwhelmed 
that  of  the  mother-plant,  Again,  Iheris  umbellata  is 
spontaneously  self-fertile,  and  I  saw  an  abundance  of 
pollen  from  their  own  flowers  on  the  stigmas ;  neverthe- 
less, of  thirty  seedlings  raised  from  non-castrated  flowers 
of  a  crimson  variety  crossed  with  pollen  from  a  pint 
variety,  twenty-four  bore  pink  flowers,  like  those  of  the 
male  or  pollen-bearing  parent. 

In  these  two  cases  flowers  were  fertilised  with  pollen 
from  a  distinct  variety,  and  this  was  shown  to  be 
prepotent  by  the  character  of  the  offspring.  Nearly 
similar  results  often  follow  when  two  or  more  self-fertile 
varieties  are  allowed  to  grow  near  one  anotJier  and  are 
visited  by  insects.  The  common  cabbage  produces  a 
large  number  of  flowers  on  the  same  stalk,  and  when 
insects  are  excluded  these  set  many  capsules,  moderately 
rich  in  seeds.  I  planted  a  white  Kohl-rabi,  a  purple 
Kohl-rabi,  a  Portsmouth  broccoli,  a  Brussels  sprout, 
and  a  Sugar-loaf  cabbage  near  together  and  left  them 
uncovered.  Seeds  collected  from  each  kind  were  sown 
in  separate  beds ;  and  the  majority  of  the  eeedliogs  in 
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all  fire  beds  were  mongielised  in  the  most  complicated 
manner,  some  taking  more  after  one  variety,  and  some 
after  another.  The  effects  of  the  Kohl-rabi  were 
particularly  plain  in  the  enlarged  stems  of  many  of  the 
Bcedlings,  Altogether  233  plants  were  raised,  of  which 
155  were  mongreliaed  in  the  plainest  manner,  and  of 
the  remaining  78  not  half  were  absolutely  pure.  I 
repeated  the  experiment  by  planting  near  together 
two  varieties  of  cabbage  with  purple-green  and  white- 
green  laoinated  leaves;  and  of  the  325  seedlings 
raised  from  the  purple-green  variety,  165  had  white- 
green  and  160  purple-green  leaves.  Of  the  466  seed- 
lings raised  from  the  white-green  variety,  220  had 
purple-green  and  246  white-green  leaves.  These  cases 
show  how  largely  pollen  from  a  neighbouring  variety 
of  the  cabbage  effaces  the  action  of  the  plant's  own 
pollen.  We  should  bear  in  mind  that  pollen  must  be 
carried  by  the  bees  from  flower  to  flower  on  the  same 
large  branching  stem  much  more  abundantly  than 
from  plant  to  plant ;  and  in  the  case  of  plants  the 
flowers  of  which  are  in  some  degree  dicbogamous, 
those  on  the  same  stem  would  be  of  different  ages,  and 
would  thus  be  as  ready  for  mutual  fertilisation  as  the 
flowers  on  distinct  plants,  were  it  not  for  the  prepotency 
of  pollen  from  another  variety." 

Several  varieties  of  the  radish  (Baphanus  sativui), 
which  is  moderately  self-fertile  when  insects  are  ex- 
cluded, were  in  flower  at  the  same  time  in  my  garden. 
Seed  was  collected  from  one  of  them,  and  out  of  twenty- 
two  seedlings  thus  raised  only  twelve  were  true  to  their 
kind.t  
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The  onion  produces  a  large  number  of  flowers,  all 
crowded  together  into  a  large  globular  head,  each 
flower  haying  six  stamens ;  so  that  tbe  stigmas  receive 
plenty  of  pollen  from  their  own  ami  the  adjoining 
anthers.  Consequently  the  plant  is  fairly  self-fertile 
wlien  protected  from  insects.  A  blood -red,  silver, 
globe  and  Spanish  onion  were  planted  near  together ; 
and  seedlings  were  raised  from  each  kind  in  four 
separate  beds.  In  all  the  bods  mongrels  of  various 
kinds  were  numeiiius,  except  amongst  the  ten  seedlings 
from  the  blood  red  onion,  which  included  only  two, 
Altogether  forty-six  seedlings  were  raised,  of  which 
thirty-one  had  been  plainly  crossed. 

A  similar  result  is  known  to  follow  with  the  varieties 
of  many  other  plants,  if  allowed  to  flower  near  together : 
I  refer  here  only  to  species  which  are  capable  of 
fertilising  themselves,  for  if  this  be  not  the  case,  they 
would  of  course  be  liable  to  be  crossed  by  any  other 
variety  growing  near.  Horticulturists  do  not  commonly 
distinguish  between  the  effects  of  variability  and  inter- 
crossing ;  but  I  have  collected  evidence  on  tlie  natural 
crossing  of  varieties  of  tbe  tulip,  hyacinth,  anemone, 
ranunculus,  strawberry,  Leplosiphon  cmdrosaceus,  orange 
rhododendron  and  rhubarb,  all  of  which  plants  I  believe 
to  be  self-fertile."     Much  other  indirect  evidence  could 
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bert in  'Tranaiol.  of  Hort.  Sot.' 
tqI.  iv.  p.  17.  The  fljmo  obBervct 
eltiawhere  i^pi'aku  of  tlio  eponbi- 
neouB  DtosHing  of  rhodndeudroiis. 
Gfllleiia  nial^  llio  name  atiite- 
iMnt  with  Tcapeut  to  orangey.    I 
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rbubarb.  F<ill«|>toiiiphon, V-l'lot, 
•DesViii;£teB,'18<)5,i'-2a.  I  ham 
not  included  in  mj  list  tlie  Car- 
nation, Nemiipbila,  or  Antlr- 
Tliinum,  the  carluties  of  wliiohAN 
known  to  oroaa  freely,  because 
tbtso  plants  arc  not  always  aelf- 
fertilB.  I  know  nnihing  abwrt 
tho  BBlf-fertllity  of  TroHTria  (Lc- 
mq.  'Do  la  Feoohdiiti'm,'  ISflS, 
p,  93'i.  Mabunia,  and  Criuiim,  in 
whiuli  geuora  the  species  inlercicM 
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be  given  with  respect  to  the  extent  to  which  varieties 
of  the  same  species  spontaneously  intercross. 

Gardeners  who  raise  seed  for  sale  are  compelled  by 
dearly  bought  experience  to  take  extraordinary  pre- 
cautions against  intercrossing.  Thus  Messrs.  Sharp 
"  have  land  engaged  in  the  growth  of  seed  in  no  less 
than  eight  parishes,"  The  mere  fact  of  a  vast  number 
of  plants  belonging  to  the  same  variety  growing 
together  is  a  considerable  protection,  as  the  chances 
are  strong  in  favour  of  plants  of  the  same  variety  inter- 
CLOSsing ;  and  it  is  in  chief  part  owing  to  this  circum- 
stance, that  certain  villages  have  become  famous  for 
pure  seed  of  particular  varieties.*  Only  two  trials 
were  made  by  me  to  ascertain  after  how  long  an  interval 
of  time,  pollen  from  a  distinct  variety  would  obliterate 
more  or  less  completely  the  action  of  a  plant's  own 
pollen.  The  stigmas  in  two  lately  expanded  flowers  on 
a  variety  of  cabbage,  called  Hagged  Jack,  were  well 
covered  with  pollen  from  the  same  plant.  After  an 
interval  of  twenty-three  hours,  pollen  from  the  Early 
Barnes  Cabbage  growing  at  a  distance  was  placed  on 
both  stigmas;  and  as  the  plant  was  left  uncovered, 
pollen  from  other  flowers  on  the  Eagged  Jack  would 
certainly  have  been  left  by  the  bees  during  the  next 
two  or  three  days  on  the  same  two  stigmas.  Under 
these  circumstances  it  seemed  very  unlikely  that  the 
pollen  of  the  Barnes  cabbage  would  produce  any  effect ; 
but  three  out  of  the  fifteen  plants  raised  from  the  two 
capsules  thus  produced  were  plainly  mongrelised :  and 
I  have  no  doubt  that  the  twelve  other  plants  were 

largely.  WilhresppcttoMnhoiiia,  so  freely  that  pure  need  oould  not 

it  IB  now  ecaroely  [loasiblu  to  pro-  be  auve'l, 

euro  in  this  ooantry  pure  Hptici-  *  With  respeot  lo  Messns.  Bhuip, 
mens  at  IB.  aqaifalinm  or  Tejient;  see  '  GardcDcTB'  OhMDirle.'  1856, 
and  the  vnrinua  epi  oiea  of  Criiimii  p.  S'i3.   Liiidley'a'  Tbeoij  of  Hor- 
rent by  Httbert  <■  Atniiryllidi.reje.'  tkuiturti,'  p.  ai9- 
p.  32>  to  Ca  euttu,  <^ros»eil  there 
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affecteJ,  for  they  grew  much  more  vigorously  than  the 
Bell-fertilised  seedlings  from  the  Bagged  Jack  planted 
at  the  same  time  and  under  the  same  conditions. 
Secondly,  I  placed  on  several  stigmas  of  a  long-styled 
cowslip  (Frimuia  verts)  plenty  of  pollen  from  the  same 
plant,  and  after  twenty-four  hours  added  some  from  a 
short-styled  dark-red  Polyanthus,  which  is  a  variety  of 
the  cowslip.  From  the  flowers  thus  treated  thirty 
seedlings  were  raised,  and  all  these  without  exception 
bore  reddish  flowers ;  so  that  the  effect  of  the  plant's 
own  pollen,  though  placed  on  the  stigmas  twenty- 
four  hours  previously,  was  quite  destroyed  by  that  of 
the  red  variety.  It  should,  however,  be  observed  that 
these  plants  are  dimorphic,  and  that  the  second  union 
was  a  legitimate  one,  whilst  the  first  was  illegitimate ; 
but  flowers  illegitimately  fertilised  with  their  own  pollen 
yield  a  moderately  fair  supply  of  seeds, 

We  have  hitherto  considered  only  the  prepotent 
fertilising  power  of  pollen  from  a  distinct  variety  over 
a  plant's  own  pollen, — both  kinds  of  pollen  being 
placed  on  the  same  stigma.  It  is  a  much  more  re- 
markable fact  that  pollen  from  another  individual  of 
the  same  variety  is  prepotent  over  a  plant's  own  pollen, 
as  shown  by  the  superiority  of  the  seedlings  raised 
from  a  cross  of  this  kind  over  seedlings  from  self- 
fertilised  flowers.  Thus  in  Tables  A,  B,  and  C,  there 
are  at  least  fifteen  species  which  are  self-fertile  when 
insects  are  excluded ;  and  this  implies  that  their  stigmas 
must  receive  their  own  pollen ;  nevertheless,  most  of 
the  seedlings  which  were  raised  by  fertilising  the  non- 
castrated  flowers  of  these  fifteen  species  with  pollen 
from  another  plant  were  greatly  superior,  in  height, 
weight,  and  fertility,  to  the  self-fertilised  offspring," 
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For  instauce,  with  Ipomasa  purpurea  every  single  inter- 
eroaaed  plant  exceeded  in  height  its  self-fertilised 
opponent  until  the  sixth  generation ;  and  so  it  waa 
with  Mimulus  luiem  untU  the  fourth  generation.  Out 
of  six  paiia  of  crossed  and  self-fertiliaed  cabbages,  every 
one  of  the  former  was  much  heavier  than  the  latter. 
With  Papaver  vagum,  out  of  fifteen  piiirs,  all  but 
two  of  the  crossed  plants  were  taller  than  tlieir  self- 
fertilised  opponents.  Of  eight  pairs  of  Lupinus  luteua, 
all  but  two  of  the  crossed  were  taller ;  of  eight  pairs 
of  Bda  vulgaris  all  but  one ;  and  of  fifteen  pairs  of  Zea 
ntays  all  but  two  were  taller.  Of  fifteen  pairs  of  Lim- 
narithes  douglasU,  and  of  seven  pairs  of  Laciuca  saliva, 
every  single  crossed  plant  was  taller  than  its  self-fer- 
tilised opponent.  It  should  also  be  observed  that  in 
these  experiments  no  particular  care  waa  taken  to  cross- 
fertilise  the  flowers  immediately  after  their  expansion ; 
it  is  therefore  almost  certain  that  in  many  of  these 
cases  some  pollen  from  the  same  flower  will  have 
already  fallen  on  and  acted  on  the  stigma. 

There  can  hardly  be  a  doubt  that  several  other 
species  of  which  the  crossed  seedlings  are  mote 
vigorous  than  the  self-fertiliaed,  as  shown  in  Tables  A, 
B,  and  C,  besides  the  above  fifteen,  must  have  received 
their  own  pollen  and  that  from  another  plant  at  nearly 
the  same  time ;  and  if  so,  the  same  remarks  as  those 
just  given  are  applicable  to  them.  Scarcely  any  result 
from  my  experiments  has  surprised  me  so  much  as  this 
of  the  prepotency  of  pollen  from  a  distinct  individual 
over  each  plant's  own  pollen,  as  proved  by  the  greater 
constitutional  vigour  of  the  crossed  seedlings.  The 
evidence   of  prepotency   is  here   deduced   liom    the 
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comparative  growth  of  the  two  lots  of  seedlings ;  but 
we  have  similar  evidence  in  many  cases  from  the 
much  greater  fertility  of  the  non-castrated  flowers  on 
the  mother-plant,  when  these  received  at  the  same  time 
their  own  pollen  and  that  from  a  distinct  plant,  in 
comparison  with  the  flowers  which  received  only  their 
own  pollen. 

From  the  various  facts  now  given  on  the  spontaneous 
intercrossing  of  varieties  growing  near  together,  and  on 
the  effects  of  crosB-fertilising  flowers  which  are  self- 
fertile  and  have  not  been  castrated,  we  may  conclude 
that  pollen  brought  by  insects  or  by  the  wind  from 
a  distinct  plant  will  generally  prevent  the  action  of 
pollen  from  the  same  flower,  even  though  it  may  have 
been  applied  some  time  before;  and  thus  the  inter- 
crossing of  plants  in  a  state  of  nature  will  be  greatly 
favoured  or  ensured. 

The  case  of  a  great  tree  covered  with  innninerable 
hermaphrodite  flowers  seems  at  first  sight  strongly 
opposed  to  the  belief  in  the  frequency  of  intercrosses 
between  distinct  individuals.  The  flowers  which  grow 
on  the  opposite  sides  of  such  a  tree  will  have  been 
exposed  to  somewhat  different  conditions,  and  a  cross 
between  them  may  perhaps  be  in  some  degree  beneficial; 
but  it  is  not  probable  that  it  would  be  nearly  bo  bene- 
flcial  as  a  cross  between  flowers  on  distinct  trees,  as  we 
may  infer  from  the  inefficiency  of  pollen  taken  from 
plants  which  have  been  propagated  from  the  same 
stock,  though  growing  on  separate  roots.  The  number 
of  bees  which  frequent  certain  kinds  of  trees  when  in 
full  flower  is  very  great,  and  they  may  be  seen  flying 
from  tree  to  tree  more  frequently  than  might  have 
been  expected.  Nevertheless,  if  we  consider  how 
namerous  are  the  flowers,  for  instance,  on  a  horse- 
chestnut  or  lime-tree,  an  incomparably  larger  number 
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of  flowers  must  be  fertilised  by  pollen  brought  from 
other  flowera  on  the  same  tree,  thun  from  flowers  on  a 
distinct  tree.  But  we  should  bear  in  mind  that  with 
the  horse-chestnut,  for  instance,  only  one  or  two  of  the 
several  flowers  on  the  same  peduncle  produce  a  seed ; 
and  that  this  seed  is  the  product  of  only  one  out  of 
several  ovules  within  the  same  ovarium.  Now  we  know 
from  the  experiments  of  Herbert  and  others*  that  if  one 
flower  is  fertilised  with  pollen  which  is  more  efficient 
than  that  applied  to  the  other  flowers  on  the  same 
peduncle,  the  latter  often  drop  oif ;  and  it  is  probable 
that  this  would  occur  with  many  of  the  self-fertilised 
flowers  on  a  large  tree,  if  other  and  adjoining  flowers 
were  cross-fertilised.  Of  the  flowers  annually  produced 
by  a  great  tree,  it  is  almost  certain  that  a  large 
number  would  be  self-fertilised ;  and  if  we  assume 
that  the  tree  produced  only  500  flowers,  and  that  this 
number  of  seeds  were  requisite  to  keep  up  the  stock, 
so  that  at  least  one  seedling  should  hereafter  struggle 
to  maturity,  then  a  large  proportion  of  the  seedlings 
would  necessarily  be  derived  from  self-fertilised  seeds. 
But  if  the  tree  annually  produced  50,000  flowers,  of 
which  the  self-fertilised  dropped  off  without  yielding 
seeds,  then  the  cross-fertilised  flowers  might  yield 
seeds  in  sufficient  number  to  keep  up  the  stock,  and 
most  of  the  seedlings  would  he  vigorous  from  being 
the  product  of  a  cross  between  distinct  individuals. 
In  this  manner  the  production  of  a  vast  number  of 
flowers,  besides  serving  to  entice  numerous  insects  and 
to  compensate  for  the  accidental  destruction  of  many 
llowers  by  spring-frosts  or  otherwise,  would  be  a  very 
great  advantage  to  the  species  ;  and  when  we  behold 
OUT  orchard-trees  covered  with  a  white  sheet  of  bloom 
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Varlatlou  under  Domeartuution,'  6b.  zvii.  2ud  edit.  toI.  ii.  p.  120. 
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in  the  spring,  we  sliould  not  falacly  accuse  nature  of 
wasteful  expend! tui'e,  tliougli  comparatively  little  i'mit 
is  produced  in  the  autumn. 


hiloua  Plants. — The  nature  and  relations  of 
plants  which  are  lertilised  by  the  wind  have  been 
admirably  discussed  by  Delpino*  and  H.  Miiller ;  and 
I  have  already  made  some  remarks  on  the  structure  of 
their  flowers  ia  contrast  with  those  of  entomophiloun 
species.  There  ia  good  reason  to  believe  that  the  first 
plants  which  appeared  on  this  earth  were  cryptogamic ; 
and  judging  from  what  now  occurs,  the  male  fertilising 
element  must  either  have  possessed  the  power  of  spon- 
taneous movement  through  the  water  or  over  damp 
surfaces,  or  have  been  carried  by  currents  of  water  to 
the  female  organs.  That  some  of  the  most  ancient 
plants,  such  as  ferns,  possessed  true  sexual  organs  there 
can  hai'dly  be  a  doubt ;  and  this  shows,  as  Hildebrand 
remarks.t  at  how  early  a  period  the  sexes  were  separated. 
As  soon  as  plants  became  phanerogamic  and  grew  on 
the  dry  ground,  if  they  were  ever  to  intereroaa,  it  would 
be  indispensable  that  the  male  fertilising  element 
should  be  transported  by  some  means  through  the 
air ;  and  the  wind  is  tlie  simplest  means  of  transport. 
There  must  also  have  been  a  period  when  winged 
insects  did  not  exist,  and  plants  would  nottlien  have  been 
rendered  entomophilons.  Even  at  a  somewhat  later 
period  the  more  specialised  orders  of  the  Hymenoptero, 
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•  Delpino,  'Ult.  OBnervarioni 
■ulla  DLOOgainia,'  part  ii.  fata.  i. 
It^TO;  and  'Studi  sopra  iin  I.ig- 
DSEgio  anemiifllo;&o.  1871.  H, 
MUUer,  MHc  Bofniolituntt/  ftc 
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ipidoptera,  and  Diptera,  which  are  now  chiefly  con- 
ned with   the   transport  of  pollen,  did   not  exist, 

■  Therefore  the  earliest  terrestrial  plants  known  to  us, 
namely,  the  Coniferse  and  Cycadise,  no  doubt  were  ane- 
mophilous,  like  the  existing  species  of  these  same 
groups,  A  vestige  of  this  early  state  of  things  is 
likewise  shown  by  some  other  groups  of  plants  which 
are  anemophilous,  as  these  on  the  whole  stand  lower 
in  the  scale  than  entomophilous  species. 

There  is  no  great  difficulty  in  understanding  how  an 
laemophilous  plant  might  have  been  rendered  entomo- 

Kfhilous.  Pollen  is  a  nutritious  substance,  and  would 
soon  have  been  discovered  and  devoured  by  insects; 
and  if  any  adhered  to  their  bodies  it  would  have  been 
carried  from  the  anthers  to  the  stigma  of  the  same 
flower,  or  from  one  flower  to  another.  One  of  the  chief 
characteristics  of  the  pollen  of  anemophilous  pl&nta 
is  its  incoherence ;  but  pollen  in  this  state  can  adhere 
to  the  hairy  bodies  of  insects,  as  we  see  with  some 
Leguminosie,  Ericaeete,  and  Melastomacese.  We  have, 
however,  better  evidence  of  the  possibility  of  a  tran- 
sition of  the  above  kind  in  certain  plants  being  now 
fertilised  partly  by  the  wind  and  partly  by  insects. 
The  common  rhubarb  {Bheum  rhaponticvm)  is  ho  far 
in  an  intermediate  condition,  that  I  have  seen  many 
Diptera  sucking  the  flowers,  with  much  pollen  adhering 
to  their  bodies;  and  yet  the  pollen  is  so  incoherent, 
that  clouds  of  it  are  emitted  if  the  plant  be  gently 
shaken  on  a  sunny  day,  some  of  which  could  hardly 
fail  to  fall  on  the  large  stigmas  of  the  neighbouring 
flowers.  According  to  Delpino  and  H.  Miiller,"  some 
species  of  Plantago  are  in  a  similar  intermediate 
ooadition. 


•  'Die  BefradttuDg,'  4o.  p.  342. 
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Although  it  is  probable  that  pollen  was  aboriginally 
the  sole  attraction  to  insects,  and  although  many 
plants  now  exist  whose  flowers  are  frequented  exclu- 
sively by  pollen-devouring  insects,  yet  the  great 
majority  secrete  nectar  as  the  chief  attraction.  Many 
years  ago  I  suggested  that  primarily  the  saccharine 
matter  in  nectar  was  excreted*  as  a  waste  product  of 
chemical  changes  in  the  sap ;  and  that  when  the  ex- 
cretion  happened  to  occur  within  the  envelopes  of  a 
flower,  it  was  utilised  for  the  important  object  of 
cross-fertilisation,  being  subsequently  much  increased 
in  quantity  and  stored  in  various  ways.  This  view 
is  rendered  probable  by  the  leaves  of  some  trees  ex- 
creting, under  certain  climatic  conditions,  without  the 
aid  of  special  glands,  a  saccharine  fluid,  often  called 
honey-dew.  This  is  the  case  ^ith  the  leaves  of  the 
lime;  for  although  some  authors  have  disputed  the 
fact,  a  most  capable  judge.  Dr.  Maxwell  Masters, 
informs  me  that,  after  having  heard  the  discussions  on 
this  subject  before  the  Horticultural  Society,  he  feels 
Ao  doubt  on  this  head.  The  leaves,  as  well  as  the 
cut  stems,  of  the  manna  ash  [Fraxinus  ornus)  secrete 
\n  a  like  manner  saccharine  matter.f  According  to 
freviranus,  so  do  the  upper  surfaces  of  the  leaves  of 
GardvMS  arctioides  during  hot  weather.  Many  ana- 
logous facts  could  be  given.t  There  are,  however, 
a  considerable  number  of  plants  which  bear  small 
glands  §  on  their  leaves,  petioles,  phyllodia,  stipules. 


♦  Nectar  was  regarded  by 
De  Cundolle  and  Dunal  as  an 
excretion,  as  stated  by  Martinet 
in  *  Annal  des  Sc.  Nat.'  1872,  torn. 
xiv.  p.  211. 

t  *Garcl.  Cbron.*  1876,  p.  242. 

X  Kurr, '  Untersuchungen  fiber 
die  Bedeutung  der  N^tarien/ 
1833,  p.  115. 


§  A  large  number  of  cases  are 
driven  by  Delpino  in  the  *Bul- 
letino  Entomologioo/  Anno  vi. 
1874.  To  these  may  be  added 
those  given  in  my  text,  as  well 
as  the  excretion  of  sacoharine 
matter  from  the  calyx  of  two 
species  of  Iris,  and  from  the  brao* 
tesd  of  certain  QrohidesB :  seeKurri 
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bractete,  or  flower  peduncles,  or  on  the  outside  of  their 
calyx,  and  these  glands  secrete  minute  drops  of  a  sweet 
fluid,  which  is  eagerly  sought  by  sugar-loving  insects, 
such  as  ants,  hive-bees,  and  wasps.  In  the  case  of 
the  glands  on  the  stipules  of  Vicia  saliva,  the  excre- 
tion manifestly  depends  on  changes  in  the  sap,  con- 
sequent on  the  sun  shining  brightly  ;  for  I  repeatedly 
observed  that  as  soon  as  the  sun  was  hidden  behind 
clouds  the  secretion  ceased,  and  the  hive-bees  left  the 
field ;  but  as  soon  as  the  sun  broke  out  again,  they 
returned  to  their  feast.'  I  have  observed  an  analogous 
fact  with  the  secretion  of  true  nectar  in  the  flowers  of 
■J^Mia  srinuB. 

Delpino,  however,  maintains  that  the  power  of 
ireting  a  sweet  fluid  by  any  extia-floral  organ  has 
!n  in  every  case  specially  gained,  for  the  soke  of 
:racting  ants   and  wasps  as  defenders  of  the  plant 


Bedeutung  dei  Nektarien,'  1833, 
pp.  25,  28.  Boit  also  rufere  ('  Ni- 
osraguB,'  p.  221)  to  a  similar 
fitretiDD  bj  man;  cpipbjtal  or- 
chida  and  pasaion-Bowera.  Mr. 
Rmlgers  hns  seen  much  nectar 
secreted  from  tha  baeea  of  the 
So  HBr-ptduDclcs  of  Vanilla.  Link 
safa  that  the  onl;  example  of  a 
hypopetaloua  nectary  known  to 
him  is  exlematly  at  the  baae  of 
the  QowerB  uf  Chironia  deouimta: 
Bee  'BeportB  on  Botany,  lUy  So- 
ciety,' 1846,  p.  355.  An  impor- 
tant memoir  beariag  on  this  Bub- 
jecibaa  lately  appeared  by  Beinke 
(■Gottingen  NaoljrioUter,"  1M73, 
p.  826),  who  shows  Kiat  in  many 
plants  the  tips  at  tha  serrations 
on  the  leaves  in  tha  bud  bear 
glands  which  secrete  only  at  a 
very  early  age.  and  which  have 
[he  same  morpholiigiail  structure 
OB  tme  neotar-aecretiag  glauda. 
He  farther  ihows  that  the  m^otir- 
■eoi'itillg  glands  on  the  petioles 


at  Proniu  artiam  ore  not  deve- 
loped at  a  very  early  age,  yet 
wither  away  on  the  old  le.ives. 
They  are  homologous  with  thjse 
on  the  serrations  of  the  blades  of 
the  same  leaves,  ua  shown  by 
their  structure  and  by  transition- 
forms  ;  for  the  lowest  serrations 
on  the  btadee  ef  iuo»t  of  the  leaves 
secrete  nectai    instead  of   resin 

"  I  published  a  brief  notice  of 
this  case  in  tlie '  Gard.  Chronicle,' 
1855,  July  21.  p.  4B7.  and  aflei- 
wariiM  made  further  observationB. 
Besides  the  hWt-lx  e.  Biiothei 
Hpeoii'i  of  bee.  a  moth,  ants,  and 
two  kinds  of  fliea  HuckiMl  tlw 
drops  of  fluid  on  the  stipules. 
The  larger  drops  tasted  awecl 
The  biv^boes  never  oven  looked 
at  tha  flowers  which  were  open 
at  the  same  time:  whilst  two 
Bpuoios  of  ha[ol)le-l>B(.'s  neglected 
the  stipules  and  visited  only  Uw 


k. 
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against  their  enemicB;  but  I  have  never  seen  any 
reason  to  believe  that  this  ia  so  with  the  three  species 
observed  by  me,  namely,  Prunus  laii/roeerasus,  Vieia 
tativa  and  V.  faba.  No  plant  is  so  little  attacked  by 
enemies  of  any  kind  as  the  common  braeken-fem 
(Pteris  aquilina) ;  and  yet,  as  my  son  Francis  has 
discovered,  the  large  glands  at  the  bases  of  the  fronds, 
but  only  whilst  young,  excrete  much  sweetish  fluid, 
which  is  eiigerly  sought  by  innumerable  ants,  chiefly 
belonging  to  Myrmica ;  and  these  ants  certainly  do 
not  serve  oa  a  protection  against  any  enemy.  Delpino 
argues  that  such  glands  ought  not  to  be  considered  as 
excretory,  liecause  if  they  were  so,  they  would  be 
present  in  every  species ;  but  I  cannot  see  much  force 
in  this  argument,  as  the  leaves  of  some  plants  excrete 
sugar  only  during  certain  states  of  the  weather.  That 
in  some  cases  the  secretion  serves  to  attract  insects  as 
defenders  of  the  plant,  and  may  have  been  developed 
to  a  high  degree  for  this  special  purpose,  I  have  not 
the  least  doubt,  from  the  observations  of  Delpino, 
and  more  especially  from  those  of  Mr.  Belt  on  Acacia 
epluaroeephala,  and  on  passion-flowers.  This  acacia 
likewise  produces,  as  an  additional  attraction  to  ants, 
small  bodies  containing  much  oil  and  protoplasm,  and 
analogous  bodies  are  developed  by  a  Cecropia  for  the 
same  purpose,  as  described  by  Fritz  Mailer,* 

The  excretion  of  a  sweet  fluid  by  glands  seated 
outside  of  a  flower  ia  rarely  utilised  as  a  means  for 
cross- fertilisation  by  the  aid  of  insects ;  but  this  occurs 
with  the  bracteffi  of  the  Marcgraviacere,  as  the  late 


*  Mr.  Halt  has  given  a  most 
Interesting  Bcoounl  (''I'he  Natu- 
lalisC  in  Nicaia^'OR.'  1871,  p.  218) 
of  ttie  pacamouDt  imporlauce  of 
i  as  deffodure  of  the  abova 
Ldlo.    With  respect  to  the  Ce- 


cropia. oee  '  Nature,'  1876,  p.  30*. 
My  son  Prtinois  bns  deeorilH^l  tho 
micTi)Bcopi<»l  Etiuoture  and  deve- 
lopment of  tb&^e  wonderful  food- 
bcKliee  in  a.  [Hkper  rend  before  the 
Linneftn  Booietj- 


QUANTITY    ( 


405 


¥ 


Dr.  Crnger  informed  me  from  actual  observation  in  the 
West  Indies,  and  as  Delpino  infers  with  much  acuteness 
from  the  relative  position  of  the  several  parts  of  their 
flowers.*  Mr.  Farrer  has  also  shown  f  that  the  flowers 
of  Coronilla  are  curiously  modified,  so  tliat  bees  may 
fertilise  them  whilst  sucking  the  fluid  secreted  from 
the  outside  of  the  calyx.  It  further  appears  probable 
from  the  observations  of  Rev.  W.  A.  Leighton,  that  the 
fluid  so  abundantly  secreted  by  glands  on  the  phyllodia 
of  the  Australian  Acacia  maffnijioa,  which  stand  near 
the  flowers,  is  connected  with  their  fertilisation 4 

The  amount  of  pollen  produced  by  anemophilous 
plants,  and  the  distance  to  which  it  is  often  trans- 
ported by  the  wind,  are  both  surprisinglj  great.  Mr. 
Hassall  found  that  the  weight  of  pollen  produced  by  a 
single  plant  of  the  bulrush  (Typha)  was  144  grains. 
Bucketfula  of  pollen,  chiefly  of  Coniferse  and  G-ra- 
minere,  have  been  swept  off  the  decks  of  vesBols  near 
the  North  American  shore ;  and  Mr.  Riley  has  seen 
the  ground  near  St.  Louis,  in  Missouri,  covered  with 
pollen,  as  if  sprinkled  with  sulphur ;  and  there  was 
good  reason  to  believe  that  this  had  been  transported 
from  the  pine-forests  at  least  400  miles  to  the  south. 
Kerner  has  seen  the  snow-fields  on  the  higher  Alps 


•  '  Ult.  Oaservaz.  Diooganiia,' 
1868-69,  p.  11^8. 

t  'Natuli','  1874,  p,  lfi9. 

i  'AniiaU  imd  Mag.  of  Xat. 
Hisl.'  ™l.  xvi.  laia,  p._ll.  In 
my  work  an  the  '  Fettiiustion  of 
Oruhids,'  and  in  s  paper  Biibau- 
quently  puliliBhed  in  the  >  AuiiilIb 
nnd  Mag.  ot  SuL  Hiutorj.'  it  bns 
been  shovfn  that  iiltliouffh  oertfiin 
kinds  of  oroliide  posee^  a  necturj, 
no  ncclar  in  actually  georeteil  by 
but  that  insecte  penetrate  tbe 
walla  and  euck  the  fluid 
intereellnhir 


I  further 


b  other 


It:  tiultna' 
^^Kwer  walL 
^^^^Mnlained 


epacea. 
tlie  case  o 

whii:h  do  not  aei^rete  nectar,  that 
ineeetn  gnawed  tlie  labelluin;  and 
this  fluggOBtion  lies  since  been 
proved  truo,  H.  Miiller  and  Dol- 
pitia  bavo  now  eljown  tliat  Bome 
other  plantA  have  thioliened  pe- 
tals wbicb  are  sucked  or  gnnwed 
hj  insevta,  Ibejf  fertilisation  btin^ 
thus  aided.  AU  tbe  known  favta 
on  this  head  bare  been  collected 
by  Delpino  in  hia  '  Ult.  Osaerr. 
[wrt  ii  tuna,  it  1875,  pp.  5f 
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similarly  dusted ;  and  Mr.  Blackley  fonnd  numerous 
pollen-grains,  in  one  instance  1200,  adhering  to 
sticky  slides,  which  were  sent  up  to  a  height  of  from 
500  to  1000  feet  by  means  of  a  kite,  and  then  un- 
covered by  a  special  mechanism.  It  is  remarkable 
that  in  these  experiments  there  were  on  an  average 
nineteen  times  as  many  pollen-grains  in  the  atmosphere 
at  the  higher  than  at  the  lower  levels.*  Considering 
these  facts,  it  is  not  so  surprising  as  it  at  first  appears 
that  all,  or  nearly  all,  the  stigmas  of  anemophilous 
plants  should  receive  pollen  brought  to  them  by  mere 
chance  by  the  wind.  During  the  early  part  of  summer 
every  object  is  thus  dusted  with  pollen ;  for  instance, 
I  examined  for  another  purpose  the  labella  of  a  large 
number  of  flowers  of  the  Ply  Ophrys  (which  is  rarely 
visited  by  insects),  and  found  on  all  very  many  pollen- 
grains  of  other  plants,  which  had  been  caught  by  their 
velvety  surfaces. 

The  extraordinary  quantity  and  lightness  of  the 
pollen  of  anemophilous  plants  are  no  doubt  both 
necessary,  as  their  pollen  has  generally  to  be  carried 
to  the  stigmas  of  other  and  often  distant  flowers ;  for, 
as  we  shall  soon  see,  most  anemophilous  plants  have 
their  sexes  separated.  The  fertilisation  of  these  plants 
is  generally  aided  by  the  stigmas  being  of  large 
size  or  plumose ;  and  in  the  case  of  the  Coniferse, 
by  the  naked  ovules  secreting  a  drop  of  fluid,  as 
shown  by  Delpino.     Although  the  number  of  ane- 


♦  For  Mr.  HassaU's  observa- 
tioDS  see  *  Annals  and  Mag.  of 
Nat.  Hist.'  vol.  viii.  1842,  p.  108. 
In  the  *  North  American  Journal 
of  Science/  Jan.  1842,  there  is  an 
account  of  the  pollen  swept  ofif 
the  decks  of  a  vessel.  Biley, 
*  Fifth  Beport  on  the  Noxious 
Insects  of  Missouri,'  1873,  p.  86. 


Eemer,  'Die  Schutzmittel  des 
Pollens,'  1873,  p.  6.  This  author 
has  also  seen  a  lake  in  the  Tyrol 
so  covered  with  pollen,  that  the 
water  no  longer  appeared  blue. 
Mr.  Blackley, '  Experimental  Re- 
searches on  Hay-fever/  187fli| 
pp.  1H2,  141-162. 
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niopKiloua  species  is  Bmall,  a,B  the  author  just  quoted 
remarks,  the  number  of  individiiaia  is  large  in  com- 
parison with  that  of  entomophilous  species.  This 
holds  good  especially  in  cold  and  temperate  regions, 
where  insects  are  not  bo  numerous  as  under  a  warmer 
climate,  and  where  consequently  entomophilous  plants 
■e  less  faTourably  situated.  We  see  this  in  our 
rests  of  Coniferie  and  other  trees,  such  as  oaks, 
leches,  birches,  ashes,  &c. ;  and  in  the  Gramineie, 
Oyperacese,  and  JuncacesB,  which  clothe  our  meadows 
and  swamps  ;  all  these  trees  and  plants  being  fertilised 
by  the  wind.  As  a  large  quantity  of  pollen  is  wasted 
by  anemophilous  plants,  it  is  surprising  that  so  many 
vigorous  species  of  this  kind  abounding  with  individuals 
should  still  exist  in  any  part  of  the  world ;  for  if  they 
iliad  been  rendered  entomophilous,  their  pollen  would 
tve  been  transported  by  the  aid  of  the  senses  and 
ipetites  of  insects  with  incomparably  greater  safety 
.  by  the  wind.  That  such  a  conversion  is  possible 
hardly  be  doubted,  from  the  remarks  lately  made 
the  existence  of  intermediate  forms;  and  apparently 
been  effected  in  the  group  of  willows,  as  we  may 
fer  from  the  nature  of  their  nearest  allies.* 
It  seems  at  first  sight  a  still  more  surprising  fact 
that  plants,  after  having  been  once  rendered  entomo- 
philous, should  ever  again  have  become  anemophilous ; 
but  this  has  occasionally  though  rarely  occurred,  for 
instance,  with  the  common  Potermm  sanguisorha,  as  may 
be  inferred  from  its  belonging  to  the  Rosaceie.  Such 
uases  are,  however,  intelligible,  as  almost  all  plants 
require  to  be  occasionally  intercrossed ;  and  if  any 
entomophilous  species  ceased  to  be  visited  by  insects, 
it   would    probably   perish    unless    it   were   rendered 


I  »    nuiuu    p 


H.  MiiUer,  'Die  Befniclilmig;,'  &c.  f 
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anemophilous.  A  plant  would  be  neglected  by  insects 
if  nectar  failed  to  be  secreted,  unless  indeed  a  la^ge 
supply  of  attractive  pollen  was  present;  and  from 
what  we  have  seen  of  the  excretion  of  saccharine  fluid 
from  leaves  and  glands  being  largely  governed  in 
several  cases  by  climatic  influences,  and  from  some 
few  flowers  which  do  not  now  secrete  nectar  still 
retaining  coloured  guiding-marks,  the  failure  of  the 
secretion  cannot  be  considered  as  a  very  improbable 
event.  The  same  result  would  follow  to  a  certainty, 
if  winged  insects  ceased  to  exist  in  any  district,  or 
became  very  rare.  Now  there  is  only  a  single 
plant  in  the  great  order  of  the  Cruciferse,  namely, 
Pringlea,  which  is  anemophilous,  and  this  plant  is 
an  inhabitant  of  Kerguelen  Land,*  where  there 
are  hardly  any  winged  insects,  owing  probably,  as 
was  suggested  by  me  in  the  case  of  Madeira,  to 
the  risk  which  they  run  of  being  blown  out  to  sea  and 
destroyed. 

A  remarkable  fact  with  respect  to  anemophilous 
plants  is  that  they  are  often  diclinous,  that  is,  they  are 
either  monoecious  with  their  sexes  separated  on  the 
same  plant,  or  dioecious  with  their  sexes  on  distinct 
plants.  In  the  class  Monoecia  of  Linnaeus,  Delpino 
shows  t  that  the  species  of  twenty-eight  genera  are 
anemophilous,  and  of  seventeen  genera  entomophilous. 
In  the  class  Dioecia,  the  species  of  ten  genera  are 
anemophilous  and  of  nineteen  entomophilous.  The 
larger  proportion  of  entomophilous  genera  in  this 
latter  class  is  probably  the  indirect  re^t  of  insects 
having  the  power  of  carrying  pollen  to  another  and 
3ometimes  distant  plant  much  more  securely  than  the 

♦  The    Rev.   A.  E.  Eaton  in  f  'Studi  sopra  un  Lignaggio 

*  Proc.  Royal  Soc.'  vol.  xxiii.  1875,      anemofilo  tielle  GompositsB/  1871 
p.  351. 
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wind.  In  the  above  two  classes  taken  together  there 
are  thirty-eight  aneiaophiloua  and  thirty-six  ento- 
mophilous  genera;  whereas  in  the  great  mass  of 
hermaphrodite  plants  the  proportion  of  anemophilous 
to  entomophiloiis  genera  is  extremely  small.  The 
cause  of  this  remarkable  difference  may  be  attributed 
to  anemophilona  plants  having  retained  in  a  greater 

:ee  than  the  entomophilous  a  primordial  condi- 
in  which  the  seses  were  separated  and  their 
mutual  fertilisation  effected  by  means  of  the  wind. 
That  the  earliest  and  lowest  members  of  the  vegetable 
kingdom  had  their  sexes  separated,  as  is  still  the  case 
to  a  large  extent,  is  the  opinion  of  a  high  authority, 
Nageli.*  It  is  indeed  difficult  to  avoid  this  con- 
clnsion,  if  we  admit  the  view,  which  seems  highly 
probable,  that  the  conjugation  of  the  Algse  and  of 
some  of  the  simplest  animals  is  the  first  step  towards 
sexual  reproduction ;  and  if  we  further  bear  in  mind 
that  a  greater  and  greater  degree  of  differentiation 
between  the  cells  which  conjugate  can  be  traced, 
thus  leading  apparently  to  the  development  of  the 
two  sexual  forms,  t  We  have  also  seen  that  as 
plants  became  more  highly  developed  and  affixed  to 
the  ground,  they  would  be  compelled  to  be  anemo- 
philous in  order  to  intercross.  Therefore  all  plants 
which  have  not  since  been  greatly  modified,  would 
tend  still  to  be  both  diclinous  and  anemophilous ;  and 

can  thus  understand  the  connexion  between  these 
\o  states,  although  they  appear  at  first  sight  quite 


MUebli 

t 


EntatehDiig  nnd  'Begiiff  der 
BtktluhiBt.  Art.'  1S65,  p.  22. 

t  See   tha   inteiueting  discas- 

titm  on  this  whole  svibject  by  O. 

labMhli  in  his  '  Btndien  iibei  die 

in  Entwiekplun  gBvorgange  der 

'Id,'  fto.   1878,  pp.  207-219, 


■'Mor- 


Aleo,   EnBclmailli, 

vickeluu^  von  liifiis 

ptml.    Jiihfbu<'h,"   B 

Also,  Dr.  A.  Dodel,  '■  Die  Kraufr 

haar-Ai^"  '  PriiigBbeims  Jahtb 
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disconnected.  If  this  yiew  is  correct,  plants  must  have 
been  rendered  hermaphrodites  at  a  later  though  still 
very  early  period,  and  entomophilous  at  a  yet  later 
period,  namely,  after  the  development  of  winged  insects. 
So  that  the  relationship  between  hermaphroditism  and 
fertilisation  by  means  of  insects  is  likewise  to  a  certain 
extent  intelligible. 

Why  the  descendants  of  plants  which  were  originally 
dioecious,  and  which  therefore  profited  by  always  inter- 
crossing with  another  individual,  should  have  been 
converted  into  hermaphrodites,  may  perhaps  be  ex- 
plained by  the  risk  which  they  ran,  especially  as  long  as 
they  were  anemophilous,  of  not  being  always  fertilised, 
and  consequently  of  not  leaving  offspring.  This  latter 
evil,  the  greatest  of  all  to  any  organism,  would  have 
been  much  lessened  by  their  becoming  hermaphrodites, 
though  with  the  contingent  disadvantage  of  frequent 
self-fertilisation.  By  what  graduated  steps  an  herma- 
phrodite condition  was  acquired  we  do  not  know.  But 
we  can  see  that  if  a  lowly  organised  form,  in  which 
the  two  sexes  were  represented  by  somewhat  different 
individuals,  were  to  increase  by  budding  either  before 
or  after  conjugation,  the  two  incipient  sexes  would 
be  capable  of  appearing  by  buds  on  the  same  stock, 
as  occasionally  occurs  with  various  characters  at  the 
present  day.  The  organism  would  then  be  in  a 
monoecious  condition,  and  this  is  probably  the  first 
step  towards  hermaphroditism ;  for  if  very  simple 
male  and  female  flowers  on  the  same  stock,  each  con- 
sisting of  a  single  stamen  or  pistil,  were  brought  close 
together  and  surrounded  by  a  common  envelope,  in 
nearly  the  same  manner  as  with  the  florets  of  the 
Compositse,  we  should  have  an  hermaphrodite  flower. 

There  seems  to  be  no  limit  to  the  changes  which 
organisms  undergo  under  changing  conditions  of  life ; 
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and  some  hermaphrodite  plants,  descended  as  we  must 
believe  from  aboriginally  diclinous  plonts,  have  had 
their  sexes  again  separated.  That  this  liaa  occurred, 
we  may  infer  from  the  presence  of  rudimentary  stamens 
in  the  ilowers  of  some  individuals,  and  of  rudimentai-y 
pistils  in  the  flowers  of  other  individuals,  for  example 
in  Lychnis  dioica.  But  a  conversion  of  this  kind  will 
not  have  occurred  unless  cross  fertilisation  was  already 
assured,  generally  by  the  agency  of  insects  ;  but  why 
the  production  of  male  and  female  flowers  on  distinct 
plants  should  have  been  advantageous  to  the  species, 
cross-fertilisation  having  been  previously  assured,  is 
far  from  obvious.  A  plant  might  indeed  produce  twice 
as  many  seeds  as  were  necessary  to  keep  up  its  numbers 
under  new  or  changed  conditions  of  life  ;  and  if  it  did 
not  vary  by  bearing  fewer  flowers,  and  did  vary  in  the 
dtate  of  its  reproductive  organs  (as  often  occurs  under 
cultivation),  a  wasteful  expenditure  of  seeds  and  pollen 
would  be  saved  by  the  flowers  becoming  diclinous. 

A  related  point  is  worth  notice.  I  remarked  in  my 
Origin  of  Species  that  in  Britain  a  much  larger  pro- 
portion of  trees  and  bushes  than  of  herbaceous  plants 
have  their  sexes  separated  ;  and  so  it  is,  according  to 
Asa  Gray  and  Hooker,  in  Korth  America  and  New 
Zealand.*     It  is,  however,  doubtful  how  far  this  rule 


*  I  find  in  ths  '  London  Cutn- 
logue  oTBritUli  PJnnls,'  that  there 
aie  thirty-two  indigennus  trees 
and  bngbes  in  Great  Britiin. 
daated  tinder  nine  families;  but 
to  err  on  tba  safe  side,  1  have 
w.nutod  only  sii  gpeciea  of  wil- 
low*. Of  the  ihirtj-t»o  trees  and 
buahea,  nineteen,  or  more  than 
halE,  have  their  eeies  separnted  ; 
and  this  is  an  oiiormnus  propor- 
tioii  compared  with  other  Britialj 
'  it*.  New  Zealnnd  abiainds 
ti  dicUnoua  plantii  and  trtts  : 


^H|_iduit«.     Net 

I: 


and  Dr.  Hooker  cnlaulates  that 
out  of  about  75'i  pbanerog^imic 
plants  intjabitlng  tbe  i^laBda,  no 
le«a  tbRn  1(18  are  treea.  buloDg- 
ing  Lo  thirty-flye  families.  Uf 
Iheae  lOS  trees,  fifty-two,  or 
very  nearly  half,  buve  thoir  hsse* 
mute  or  1e^  separated.  Of  bu«heH 
l.bere  are  149,  of  which  sixty- 
one  hitve  their  aexea  in  the  same 
slate:  whilst  of  tho  remiiininK 
5<I0  herbaneoiis  plants  only  Vil. 
or  less  thnn  a  fourth,  have  theij 
seiea    aepanited.      Loitljr,   PniC 


] 
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holds  good  generally,  and  it  certainly  does  not  do  so 
in  Australia.  But  I  have  been  assured  that  the  flowers 
of  the  prevailing  Australian  trees,  namely,  the 
MyrtacesB,  swarm  with  insects,  and  if  they  are  dicho- 
gamous  they  would  be  practically  diclinous.*  As  far 
as  anemophilous  plants  are  concerned,  we  know  that 
they  are  apt  to  have  their  sexes  separated,  and  we  can 
see  that  it  would  be  an  unfavourable  circumstance  for 
them  to  bear  their  flowers  very  close  to  the  ground,  as 
their  pollen  is  liable  to  be  blown  high  up  in  the  air ;  t 
but  as  the  culms  of  grasses  give  suiBGicient  elevation, 
we  cannot  thus  account  for  so  many  trees  and  bushes 
being  diclinous.  We  may  infer  from  our  previous 
discussion  that  a  tree  bearing  numerous  hermaphrodite 
flowers  would  rarely  intercross  with  another  tree, 
except  by  means  of  the  pollen  of  a  distinct  individual 
being  prepotent  over  the  plant's  own  pollen.  Now  the 
separation  of  the  sexes,  whether  the  plant  were  anemo- 
philous or  entomophilous,  would  most  effectually  bar 
self-fertilisation,  and  this  may  be  the  cause  of  so  many 
trees  and  bushes  being  diclinous.  Or  to  put  the  case 
in  another  way,  a  plant  would  be  better  fitted  for 
development  into  a  tree,  if  the  sexes  were  separated, 
than  if  it  were  hermaphrodite ;  for  in  the  former  case 
its  numerous  flowers  would  be  less  liable  to  continued 


Asa  Gray  informs  me  that  in  the 
United  States  there  are  132  native 
trees  (belongino^  to  twenty-five 
families)  of  which  ninety-five  (be- 
longing to  seventeen  families) 
"have  their  sexes  more  or  less 
separated,  for  the  greater  part 
decidedly  separated." 

♦  With  r(?spect  to  the  Proteacese 
of  Australia.  Mr.  Betitham  re- 
marks (*  Journal  Linn.  Soc.  Bot.* 
vol.  xiii.  1871,  pp.  58,  64)  on  the 
various  contrivanoes  by  which  the 


stigma  in  the  several  g^era  is 
screened  from  the  action  of  the 
pollen  &om  ttie  same  flower.  For 
instance,  in  Synaphea  '*the  stigma 
is  held  by  the  eunnch  (i.e.,  one 
of  the  stamens  .which  is  barren) 
safe  from  all  pollution  from  her 
brother  anthers,  and  is  preserve<l 
intact  for  any  poUen  that  may  be 
inserte<l  by  insects  and  other 
agencies.'* 

t  Kerner,    *  SohutzmitteL    dei 
Pollens/  1873,  p.  4. 
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self-fertilisation.  But  it  should  also  be  observed  that 
the  long  life  of  a  tree  or  bush  permits  of  the  separation 
of  the  sexes,  with  much  less  risk  of  evil  from  impreg- 
nation occasionally  failing  and  seeds  not  being  pro- 
duced, than  in  the  case  of  short-lived  plants.  Hence 
it  probably  is,  as  Lecoq  has  remarked,  that  annual 
plants  are  rarely  diceeioua. 

Finally,  we  have  seen  reason  to  believe  that  the 
higher  plants  are  descended  from  extremely  low  forms 
which  conjugated,  and  that  the  conjugating  indi- 
viduals differed  somewhat  from  one  another,— the  one 
representing  the  male  and  the  other  the  female — so 
that  plants  were  aboriginally  dicecious.  At  a  very 
early  period  such  lowly  organised  dicecious  plants 
probably  gave  rise  by  budding  to  moncecious  plants 
with  the  two  sexes  borne  by  the  same  individual ;  and 
by  a  still  closer  union  of  the  sexes  to  hermaphrodite 
plants,  which  are  now  much  the  commonest  form.  * 
As  soon  as  plants  became  affixed  to  the  ground,  their 
pollen  must  have  been  carried  by  some  means  from 
flower  to  flower,  at  first  almost  certainly  by  the  wind, 
then  by  pollen-devouring,  and  afterwards  by  nectar- 
seeking  insects.  During  subsequent  ages  some  lew 
entomophilous  plants  have  been  again  rendered  anemo- 
philoua,  and  some  I  hermaphrodite  plants  have  had  their 
sexes  again  separated;  and  we  can  vaguely  see  the 
advantages  of  such  recurrent  changes  under  certain 
conditions. 

Dioecious   plants,   however  fertilised,  have  a  great 

*    Thrao     ia    B    oonaidBrsble  dnale,  wliiali  repreBcnted  the  two 

■iDoaDt  of  erideoce  tliat  all  the  iiioi[jlent  eexes.    On  this  view,  thu 

higbtr  arimiiLiB  are  the  deecend-  higher   animala   ma;    now  owe 

Bata  i)rherii]apl>roditi.'B;  and  it  ia  their  bilateral  structure,  with  all 

B  curioris  problem  wbethei  euob  thidr  orgaDB  douhle  at  an  early 

hermapbroditiHin  may  nol   bave  embryoiilo  pEiiod,  to  the  fusfrm 

been  tUe  result  of  Ihe  oonjogation  ot  cctiiugatioi      '  ■           ■ 

of  two  alightlj  dlSbrent  indin-  indimDalt. 
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advantage  over  other  plants  ia  their  cross- fertilisation 
being  assured.  But  this  advantage  is  gained  in  the 
case  of  anemophilous  species  at  the  expense  of  the 
production  of  an  enormous  superfluity  of  pollen,  with 
some  risk  to  them  and  to  entomophilous  species  of 
their  fertilisation  occasionally  failing.  Half  the  in- 
dividuals, moreover,  namely,  the  males,  produce  no 
seed,  and  this  might  possibly  be  a  disativantage. 
Delpino  remarks  that  dicecions  plants  cannot  spread  so 
easily  as  moncecioua  and  hermaphrodite  species,  for  a 
single  individual  which  happened  to  reach  some  new 
site  could  not  propagate  its  kind ;  but  it  may  be 
doubted  whether  this  is  a  serious  evil.  Monoecions 
plants  can  hardly  fail  to  be  to  a  large  extent  dioecious 
in  function,  owing  to  the  lightness  of  their  pollen  and 
to  the  wind  blowing  laterally,  with  the  great  addi- 
tional advantage  of  occasionally  or  often  producing 
some  Belf-fertilised  aeeda.  When  they  are  also  di- 
chogamons,  they  are  necessarily  dicecious  in  function. 
Lastly,  hermaphrodite  plants  can  generally  produce  at 
least  some  self- fertilised  seeds,  and  they  are  at  the 
same  time  capable,  through  the  various  means  specified 
in  this  chapter,  of  cross-fertilisation.  When  their 
structure  absolutely  prevents  aelf-fertiliaation,  they  are 
in  the  same  relative  position  to  one  another  as 
moncecioua  or  dicecious  plants,  with  what  may  be  an 
advantage,  namely,  that  every  flower  ie  capable  of 
gelding  seeds. 


Chap.  XL 
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Flowebs, 


I  Ferthjsatio*  o 


CuBcta  visit  the  flowera  of  theaBme  apcdes  as  long  as  theycaa-  Cauda 
of  thifl  hftbit— Means  by  which  bees  rncngniBe  tba  flowere  of  tiio 
same  specie* — Sudrlen  Bccrotion  <if  nectar — Nectar  of  wrtiiiu  flowers 
unattractive  to  otrrlain  infiecta— Industr v  of  bees,  and  the  number 

tot  flowers  visited  within  e.  abort  time — Perforation  of  the  CDrolla 
by  been — Skill  shown  in  the  operation^Hive-bees  profit  by  the 
holes  mode  by  hiimble-beea — Effects  of  habit — The  motive  for  per- 
forating flowers  to  eave  time — Flowers  growing  in  crowded  maBaea 
ohiefly  perforated. 

Bees  and  various  other  insects  must  be  directed  by 
instinct  to  search  flowers  for  nectax  and  pollen,  ss 
they  act  in  this  manner  without  instruction  as  soon  as 
they  emerge  from  the  pupa  state.  Their  instincts, 
however,  are  not  of  a  specialised  nature,  for  they  visit 
many  exotic  flowers  as  readily  as  the  endemic  kinds, 
and  they  often  search  for  nectar  in  flowers  which  do 
not  secrete  any  ;  and  they  may  be  seen  attempting  to 
suck  it  out  of  nectaries  of  such  length  that  it  cannot 
be  reached  by  thero.*  All  kinds  of  bees  and  certain 
other  insects  usually  visit  the  flowers  of  the  same  species 
as  long  as  they  can,  before  going  to  another  species. 
This  £^t  was  observed  by  Aristotle  with  respect  to  the 


•  Bee,  on  thie  Bubject,  H,  Mill- 
ler,  '  Bef tnohtung,'  6-:.  p.  427; 
and  Sir  J.  Lubbock's  'British 
Wild  Flonera,'  &c.  p.  21).    Muller 


belief  thkt  bees  and  many  other 


Ujmenopteia  have  inhcTitpd  from 
some  early  nectttr-anckinij  pro- 
genitor greati'r  skill  in  robhin-t 
flowers  (ban  that  which    Is   di»- 
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tiTe-ljee  more  than  2000  years  ago,  and  was  noticed 
by  Dobbs  in  a  paper  published  in  1736  in  the  Philo- 
Bophical  Transactions.  It  may  be  observed  by  any 
one,  both  with  hive  and  humble-bees,  in  every  flower- 
garden;  not  that  the  habit  is  invariably  followed,  Mr, 
Bennett  watched  for  several  hours*  many  plants  of 
Lamium  album,  L,  purpureum,  and  another  Labiate 
plant,  Nepeta  gleekoma,  all  growing  mingled  together 
on  a  bank  near  some  hives ;  and  he  found  that  each 
bee  confined  its  visits  to  the  same  species.  The  pollen 
of  these  three  plants  differs  in  colour,  so  that  he  was 
able  to  test  his  observations  by  examining  that  which 
adhered  to  the  bodies  of  the  captured  bees,  and  he 
found  one  kind  on  each  bee. 

Humble  and  hive-bees  are  good  botanists,  for  they 
know  that  varieties  may  differ  widely  in  the  colour  of 
their  flowers  and  yet  belong  to  the  same  species.  I 
have  repeatedly  seen  humble-bees  flying  straight  from 
9.  plant  of  the  ordinary  red  Didamnus  fraxineUa  to  a 
white  variety ;  from  one  to  another  very  differently 
coloured  variety  of  Delphinium  consolida  and  of 
Primula  verts ;  from  a  dark  purple  to  a  bright  yellow 
variety  of  Viola  tricolor;  and  with  two  species  of 
Papaver,  from  one  variety  to  another  which  differed 
much  in  colour;  but  in  this  latter  case  some  of  the 
bees  flew  indifferently  to  either  species,  although  pass- 
ing by  other  genera,  and  thus  acted  as  if  the  two  spe- 
cies were  merely  varieties.  H.  Mullet  also  has  seen 
hive-bees  flying  from  flower  to  flower  of  Banvnajus 
bulhosU:S  and  arvemis,  and  of  Trifotivm  fragtferum 
joid  repena;  and  even  from  blue  hyacinths  to  blue 
violet8.t 

Some  species  of  Diptera  or  flies  keep  to  the  flowers 


•  '  Nature,"    1874,    Jan 
p.  92. 


t  'Bianen  Zeitung,'  July  ISTe, 
p.  183. 
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of  the  same  species  with  ahnoat  as  much  regularity  as 
do  bees ;  and  when  captitred  they  are  found  covered 
with  pollen.  I  have  seen  Shingia  rostrata  acting  in 
this  manner  with  the  flowers  of  Lychnis  dimea,  Ajuga 
reptans,  and  Yida  sepium.  YduceUa  pliiniosa  and  Empis 
e}teiroj>tera  flew  straight  from  flower  to  flower  of  Myosotis 
sylvatica.  Dolioliopus  nigripmnia  behaved  in  the  same 
manner  with  Potenlilla  tormentilla;  and  other  Diptera 
with  Htellaria  koloalea,  HdiantJiemum.  vulgare,  Bellis 
perennis,  Veronica  liedersB/olia,  and  ehamcedrys ;  but  some 
flies  visited  indifferently  the  flowers  of  these  two  latter 
species.  I  have  seen  more  than  once  a  minute  Thrips, 
with  pollen  adhering  to  its  body,  fly  from  one  flower  to 
another  of  the  aame  kind;  and  one  was  observed  by 
me  crawling  about  within  a  convolvulus  with  four 
grains  of  pollen  adhering  to  its  head,  which  were 
deposited  on  the  stigma. 

Fabriciua  and  Sprengel  state  that  when  flies  have 
once  entered  the  flowers  of  Aristolochia  they  never 
escape,— a  statement  which  I  could  not  believe,  aa  in 
this  case  the  insects  would  not  aid  in  the  cmss-fertili- 
sation  of  the  plant ;  and  this  statement  has  now  been 
shown  by  Hildebrand  to  be  erroneous.  As  the  spathes 
of  Arum  maculalum  are  furnished  with  filaments  appa- 
rently adapted  to  prevent  the  exit  of  insects,  they 
resemble  in  this  respect  the  flowers  of  Aristolochia;  and 
on  examining  several  spathes,  from  thirty  to  sixty 
minute  Diptera  belonging  to  three  species  were  found 
in  some  of  them  ;  and  many  of  these  insects  were  lying 
dead  at  the  bottom,  as  if  they  had  been  permanently 
entrapped.  In  order  to  discover  whether  the  living 
ones  could  escape  and  carry  pollen  to  another  plant,  I 
tied  in  the  spring  of  1842  a  fine  muslin  bag  tightly 
round  a  spathe;  and  on  retumiug  in  an  hour's  time 
several  little  flies  were  crawling  about  on  the   inner 
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surface  of  the  bag.  I  tten  gathered  a  spathe  and 
breathed  hard  into  it ;  several  flies  booh  crawled  ont, 
and  all  without  exception  were  dusted  with  arum  pollen. 
These  flies  quickly  flew  awayj  and  I  distiuctly  saw 
three  of  them  fly  to  another  plant  about  a  yard  off; 
they  alighted  on  the  inner  or  concave  surface  of  the 
apathe,  and  suddenly  flew  down  into  the  flower.  I  then 
opened  this  flower,  and  although  not  a  single  anther 
Lad  burst,  several  grains  of  pollen  were  lying  at  the 
bottom,  which  must  Lave  been  brought  from  another 
plant  by  one  of  these  flies  or  by  some  other  insect.  In 
another  flower  little  flies  were  crawling  about,  and  I 
saw  them  leave  pollen  on  the  stiginas. 

I  do  not  know  whether  Lepidoptera  generally  keep 
to  the  flowers  of  the  same  species ;  but  I  once  observed 
many  minute  moths  {I  believe  Lampronia  (Tinea) 
aaUliella)  apparently  eating  the  pollen  of  Merewrialis 
annua,  an<l  they  had  the  whole  front  of  their  bodies 
covered  witli  pjiUen.  I  then  went  to  a  female  plant 
some  yards  ofl",  and  saw  in  the  course  of  fifteen  minutes 
three  of  these  moths  alight  on  the  stigmas.  Lepidoptera 
are  probably  often  induced  to  frequent  the  flowers  of  the 
same  species,  whenever  these  are  provided  with  a  long 
and  narrow  nectary,  as  in  this  case  other  insects  cannot 
suck  the  nectar,  which  will  thus  be  preserved  for  those 
having  an  elongated  proboscis.  No  doubt  the  Yucca 
moth*  visits  only  the  flowers  whence  its  name  is  de- 
rived, for  a  most  wonderful  instinct  guides  this  moth 
to  place  pollen  on  the  stigma,  so  that  the  ovules  may  be 
developed  on  which  the  larvffi  feed.  With  respect  to 
Coleoptera,  I  have  seen  Meligethes  covered  with  pollen 
flying  fi'om  flower  to  flower  of  the  same  species;  and 


u  the  '  American   NatumlUt,'  toL  tU 
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this  must  often  occur,  as,  according  to  M,  Brisout, 
"  many  of  the  species  affect  only  one  kind  of  plant."  • 

It  must  not  be  siipposed  from  these  several  statements 
that  insects  strictly  confine  their  visits  to  the  same 
species.  They  often  visit  other  species  when  only  a 
few  plants  of  the  same  kind  grow  near  together.  In  a 
flower-garden  containing  some  plants  of  CEnothera,  the 
pollen  of  which  can  easily  be  recognised,  I  found  not 
only  single  grains  but  masses  of  it  within  many  fiowera 
of  Mimulus,  Digitalis,  Antirrhinum,  and  Lin  aria. 
Other  kinds  of  pollen  were  likewise  detected  in  these 
same  flowers.  A  large  number  of  the  stigmas  of  a  plant 
of  Thyme,  in  which  the  anthers  were  completely  aborted, 
were  examined ;  and  these  stigmas,  though  scarcely 
larger  than  a  split  needle,  were  covered  not  only  with 
pollen  of  Thyme  brought  from  other  plants  by  the  bees, 
but  with  several  other  kinds  of  pollen. 

That  insects  should  visit  the  flowers  of  the  same 
species  as  long  as  they  can,  is  of  great  impoiiance 
to  the  plant,  as  it  favours  the  cross-fertilisation  of 
distinct  individuals  of  the  same  species ;  but  no  one 
will  suppose  that  insects  act  in  this  manner  for  the  good 
of  the  plant.  The  cause  probably  lies  in  insects  being 
thus  enabled  to  work  quicker ;  they  have  just  learnt 
how  to  stand  in  the  best  position  on  the  flower,  and  how 
far  and  in  what  direction  to  insert  their  proboscides.f 
They  act  on  the  same  principle  as  does  an  artificer 
who  has  to  make  half-a-dozon  engines,  and  who  saves 
time  by  making  consecutively  each  wheel  and  part  for 
all  of  them.  Insects,  or  at  least  bera,  seem  much  in- 
Suenced  by  habit  in  all  their  manifold  operations;  and 


*  Aa  quoted  [<• 'AinericiiU  Nat.' 
Ila7  1873,  p.  270. 

t  Siaie  tlie^e  remarks  were 
vtitten,  I  a.id  that  tl.  Milllor  liaa 
eouie  to  olmuBt  eiaotlj  the  samu 


ivith    respont   I 


120 


HABITS  OF  INSEOTS 


Obav,  XL 


we  shall  presently  see  that  this  holds  good  in  their 
felonious  practice  of  biting  holes  through  the  corolla. 

It  is  a  curious  question  how  bees  recognise  the  flowers 
of  the  same  species.  That  the  coloured  corolla  is  the 
chief  guide  cannot  be  doubted.  On  a  fine  day,  when 
hive-bees  were  incessantly  yisiting  the  little  blue  flowers 
of  Lobdia  erinvs,  I  cut  off  all  the  petals  of  some,  and 
only  the  lower  striped  petals  of  others,  and  these  flowers 
were  not  once  again  sucked  by  the  bees,  although  some 
actually  crawled  over  them.  The  removal  of  the  two 
little  upper  petals  alone  made  no  difference  in  their 
visits.  Mr.  J.  Anderson  likewise  states  that  when  he  re- 
moved the  corollas  of  the  Calceolaria,  bees  never  visited 
the  flowers.*  On  the  other  hand,  in  some  large  masses  of 
Oerantum  phmvm  which  had  escaped  out  of  a  garden,  I 
observed  the  unusual  fact  of  the  flowers  continuing  to 
secrete  an  abundance  of  nectar  after  all  the  petals  had 
fallen  off ;  and  the  flowers  in  this  state  were  still  visited 
by  humble-bees.  But  the  bees  might  have  learnt  that 
these  flowers  with  all  their  petals  lost  were  still  worth 
visiting,  by  finding  nectar  in  those  with  only  one  or 
two  lost.  The  colour  alone  of  the  corolla  serves  as 
an  approximate  guide :  thus  I  watched  for  some  time 
humble-bees  which  were  visiting  exclusively  plants  of 


♦  » Gardeners'  Chronicle/  1853, 
p.  534.  Eurr  cut  off  the  nectaries 
from  a  large  number  of  flowers  of 
seversd  species,  and  found  that 
the  greater  number  yielded  seeds ; 
but  insects  probably  would  not 
perceive  the  loss  of  the  nectary 
untU  they  had  inserted  their  pro- 
boscides  into  the  holes  thus 
formed,  and  in  doing  so  would 
fertilise  the  flowers.  He  also  re- 
moved the  whole  corolla  from  a 
considerable  number  of  flowers, 
und  thfse  likewise  yielded  seeds. 
Flowers   which    are   self-fiertile 


would  naturally  produce  seeds 
under  these  circumstances ;  but  I 
am  greatly  surprised  tliat  Delipki- 
nium  WMolidOy  as  weU  as  an- 
other species  of  Delphinium,  and 
VioUi  trieoloTy  should  have  nro- 
duced  a  fair  supply  of  seeds  when 
thus  treated ;  but  it  does  not  ap- 
pear that  he  compared  the  numbier 
of  the  seeds  thus  producfd  with 
those  yielded  by  unmutilated 
flowers  left  to  the  free  aooeaa  of 
insects:  *Bedeutung  der  Nek- 
tarien,'  1838,  pp.  12a-185. 
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the  white-fiowered  Spiranthes  autumnalis,  growing  on 
short  taif  at  a  considerable  distance  apart ;  and  these 
bees  often  flew  within  a  few  inches  of  aeyeral  other 
plants  with  white  flowers,  and  then  without  further  ex- 
amination passed  onwards  in  search  of  the  Spiranthes. 
Again,  many  hive-beea  which  confined  their  visits  to  the 
common  ling  {GaMuna  vtd^aris),  repeatedly  flew  towards 
Erica  tetr/dix,  evidently  attracted  by  the  nearly  similar 
lint  of  their  flowers,  and  then  instantly  passed  on  in 
search  of  the  Calluna. 

That  the  colour  of  the  flower  is  not  the  sole  guide,  is 
clearly  shown  by  the  six  cases  above  given  of  bees 
which  repeatedly  passed  in  a  direct  liue  from  one 
variety  to  another  of  the  same  species,  although  they 
bore  very  differently  coloured  flowers.  I  observed  also 
bees  flying  in  a  straight  line  from  one  clump  of  a  yellow- 
flowered  Oenothera  to  every  other  clump  of  the  same 
plant  in  the  garden,  without  turning  an  inch  from 
their  course  to  plants  of  Eachscholtzia  and  others  with 
yellow  flowers  which  lay  only  a  foot  or  two  on  either 
side.  In  these  cases  the  bees  knew  the  position  of  each 
plant  in  the  garden  perfectly  well,  as  we  may  infer  by 
the  directness  of  their  flight ;  so  that  they  were  guided 
by  experience  and  memory.  But  how  did  they  discover 
at  first  that  the  above  varieties  with  differently  coloured 
flowers  belonged  to  the  same  species?  Improbable  as  1 
it  may  appear,  they  seem,  at  least  sometimea,  to  recog- 
nise plants  even  from  a  distance  by  their  general  J 
aspect,  in  the  same  manner  as  we  should  do.  On  three 
occasions  I  observed  humble-bees  flying  in  a  perfectly 
straight  line  from  a  tall  larkspur  (Delphinium)  which 
was  in  full  flower  to  anotlier  plant  of  the  same  species 
at  the  distance  of  fifteen  yards  which  had  not  as  yet  a 
single  flower  open,  and  on  which  the  buds  showed  only 
a   faint  tinge  of  blue.     Here  neither  odour  nor  tlie 


\ 
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memory  of  former  visits  could  have  come  into  play, 
and  the  tinge  of  blue  was  so  faint  that  it  could  hardly 
have  served  as  a  guide.* 

The  conspicuousness  of  the  corolla  does  not  sufiSce 
to  induce  repeated  visits  from  insects,  unless  nectar  is 
at  the  same  time  secreted,  together  perhaps  with 
some  odour  emitted.  I  watched  for  a  fortnight  many 
times  daily  a  wall  covered  with  Linaria  cymhalaria 
in  full  flower,  and  never  saw  a  bee  even  looking  at 
one.  There  was  then  a  very  hot  day,  and  suddenly 
many  bees  were  industriously  at  work  on  the  flowers. 
It  appears  that  a  certain  degree  of  heat  is  necessary  for 
the  secretion  of  nectar;  for  I  observed  with  Lobdia 
erinus  that  if  the  sun  ceased  to  shine  for  only  half  an 
hour,  the  visits  of  the  bees  slackened  and  soon  ceased. 
An  analogous  fact  with  respect  to  the  sweet  excretion 
from  the  stipules  of  Vieia  mtiva  has  been  already 
given.  As  in  the  case  of  the  Linaria,  so  with  Pedicu- 
laris  sylvatiea,  Polygala  vulgaris,  Viola  tricolor y  and  some 
species  of  Trifolium,  I  have  watched  the  flowers  day 
after  day  without  seeing  a  bee  at  work,  and  then  sud- 
denly all  the  flowers  were  visited  by  many  bees.  Now 
how  did  so  many  bees  discover  at  once  that  the  flowers 
were  secreting  nectar  ?  I  presume  that  it  must  have  been 
by  their  odour ;  and  that  as  soon  as  a  few  bees  began 
to  suck  the  flowers,  others  of  the  same  and  of  different 
kinds  observed  the  fact  and  profited  by  it.  We  shall 
presently  see,  when  we  treat  of  the  perforation  of  the 
corolla,  that  bees  are  fully  capable  of  profiting  by  the 


♦  A    fact    mentioned    by    H  flowers  of  the  long-styled  form,  in 

Miiller  ('Die  Bcfruehtung:/  &c.,  wliich  the  anthers  are  Heated  low 

p.  347)  shows  that  bees  possess  down  in  the  tubular  corolla.    Yet 

acute  powers  of  yisitn  and  dis-  the  difference  in  aspect  betwefln 

crimination  ;  fur  those  engaged  in  the  long-styled  and  short-fltyled 

Collecting    pollen  from  FtimviUi  forms  is  extremely  slight. 
datior  invariably  passed  by  th# 
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labour  of  other  species.  Memory  also  comes  into  play, 
for,  as  already  remarked,  bees  know  the  position  of 
each  clump  of  flowers  in  a  garden.  I  have  repeatedly 
seen  them  passing  round  a  corner,  but  otherwise  in  as 
straight  a  line  as  possible,  from  one  plant  of  Fraxinella 
and  of  Linaria  to  another  and  distant  one  of  the  same 
species ;  although,  owing  to  the  intervention  of  other 
plants,  the  two  were  not  in  sight  of  each  other. 

It  would  appear  that  either  the  taste  or  the  odour  of 
the  nectar  of  certain  flowers  is  unattractive  to  hive  or  to 
humble-bees,  or  to  both ;  for  there  seems  no  other  reason 
why  certain  open  flowers  which  secrete  nectar  are  not 
visited  by  them.  The  small  quantity  of  nectar  secreted 
by  some  of  these  flowers  can  hardly  be  the  cause  of 
their  neglect,  as  hive-bees  search  eagerly  for  the  minute 
drops  on  the  glands  on  the  leaves  of  the  Prunus  lawo- 
cerasm.  Even  the  bees  from  different  hives  sometimea 
visit  different  kinds  of  flowers,  as  is  said  to  be  the  case 
by  Mr.  Grant  with  respect  to  the  Polyanthus  and  Viola 
tricolor.'  I  have  known  humble-bees  tn  visit  the  flowers 
of  Lobelia  ftdgens  in  one  garden  and  not  in  another  at 
the  distance  of  only  a  few  miles.  The  cupful  of  nectar 
in  the  labellum  of  Epipaetis  latifolia  is  never  touched 
by  hive-  or  humble-bees,  although  I  have  seen  them 
dying  close  by ;  and  yet  the  nectar  has  a  pleasant 
taste  to  us,  and  is  habitually  consumed  by  the  common 
wasp.  As  far  as  I  have  seen,  wasps  seek  for  nectar  in 
this  country  only  from  the  flowera  of  this  Epipaetis, 
Sorophularia  aquatica,  Symphoricarpus  racemoaa,^  and 
"ritoraa ;   the  two  former  plants  being  endemic,  and 

B  two  latter  exotic.     As  wasps  are  so  fond  of  sugar 


'  ■•  'Qard.  Chron.'  1844,  p.  374. 

t  Tlie  Bsme  fae\  apparently 
holds  good  io  Italy,  for  Delplno 
■avB   tlint   the  flnwere   of   these 


1  alone  vlsiled  by 
Taspa  ;    '  Nettaril    Bslraii 
Bulleltiao  Entomologloo,'  n 
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and  of  any  sweet  fi[uid>  and  as  they  do  not  disdain  the 
minute  drops  on  the  glands  of  PrwMJbs  lav/roeerasuB,  it 
is  a  strange  fact  that  they  do  not  suck  the  nectar  of 
many  open  flowers,  which  they  could  do  without  the 
aid  of  a  proboscis.  Hive-bees  visit  the  flowers  of 
the  Symphoricarpus  and  Tritoma,  and  this  makes  it  all 
the  stranger  that  they  do  not  visit  the  flowers  of 
the  Epipactis,  or,  as  far  as  I  have  seen,  those  of  the 
Scrophvlaria  aquatica;  although  they  do  visit  the 
flowers  of  Scrophvlaria  nodosa,  at  least  in  North 
America.* 

The  extraordinary  industry  of  bees  and  the  number 
of  flowers  which  they  visit  within  a  short  time,  so  that 
each  flower  is  visited  repeatedly,  must  greatly  increase 
the  chance  of  each  receiving  pollen  from  a  distinct 
plant.  When  the  nectar  is  in  any  way  hidden,  bees 
cannot  tell  without  inserting  their  proboscides  whether 
it  has  lately  been  exhausted  by  other  bees,  and 
this,  as  remarked  in  a  former  chapter,  forces  them  to 
visit  many  more  flowers  than  they  otherwise  would. 
But  they  endeavour  to  lose  as  little  time  as  they  can; 
thus  in  flowers  having  several  nectaries,  if  they  find 
one  dry  they  do  not  try  the  others,  but  as  I  have  often 
observed,  pass  on  to  another  flower.  They  work  so  in- 
dustriously and  effectually,  that  even  in  the  case  of 
social  plants,  of  which  hundreds  of  thousands  grow 
together,  as  with  the  several  kinds  of  heath,  every 
single  flower  is  visited,  of  which  evidence  will  presently 
be  given.  They  lose  no  time  and  fly  very  quickly 
from  plant  to  plant,  but  I  do  not  know  the  rate  at 
which  hive-bees  fly.  Humble-bees  fly  at  the  rate  of 
ten  miles  an  hour,  as  I  was  able  to  ascertain  in  the  case 
of  the  males  from  their  curious  habit  of  calling  at 


•  i 


Billiman's  American  Journal  of  Science,'  Aug.  1871- 
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certain  fixed  points,  which  made  it  easy  to  measure  the 
time  taken  in  passing  from  one  place  to  another. 

With  respect  to  the  number  of  flowers  which  bees 
visit  in  a  given  time,  I  observed  that  in  exactly  one 
minute  a  humble-bee  visited  twenty-fooi  of  the  closed 
flowers  of  the  Linaria  cyinialaria ;  another  bee  visited 
ill  the  same  time  twenty-two  flowers  of  the  8ymphori- 
carpux  raeemosa ;  and  another  seventeen  flowers  on  two 
plants  of  a  Delphinium.  In  the  course  of  fifteen 
minutes  a  single  flower  on  the  summit  of  a  plant  of 
tEuothera  was  visited  eight  times  by  several  humble- 
bees,  and  I  followed  the  last  of  these  bees,  whilst 
it  visited  in  the  course  of  a  few  additional  minutes 
every  plant  of  the  same  species  in  a  large  flower- 
garden.  In  nineteen  minutes  every  flower  on  a  small 
plant  of  Nemophila  insignia  was  visited  twice.  In  one 
minute  six  flowers  of  a  Campanula  were  entered  by 
a  pollen-collecting  hive-bee ;  and  bees  when  thus 
employed  work  slower  than  when  sucking  nectar. 
Lastly,  seven  flower-stalks  on  a  plant  of  Diclamnzis 
/raasWflawereobservedon  the  15th  of  June  1841  during 
ten  minutes ;  they  were  visited  by  thirteen  humble-bees 
each  of  which  entered  many  flowers.  On  the  22nd  the 
same  flower-atalka  were  visited  within  the  same  time  by 
eleven  humble-bees.  This  plant  bore  altogether  280 
flowers,  and  from  the  above  data,  taking  into  con- 
sideration how  late  in  the  evening  humble-bees  work, 
each  flower  must  have  been  visited  at  least  thirty  times 
daily,  and  the  same  flower  keeps  open  during  several 
days.  The  frequency  of  the  visits  of  bees  ia  also  some- 
times  shown  by  the  manner  in  which  the  petals  are 
scratched  by  their  hooked  tarsi ;  I  have  seen  large  beds 
of  Mimulua,  Stachys,  and  Lathyrus  with  the  beauty 

^^■af  their  flowers  thus  sadly  defaced. 

^^^K  perforation  of  the  Corolla  by  Bees. — ^I  have  already 
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alluded  to  bees  biting  holes  in  flowers  for  the  sake  of 
obtaining  the  nectar.  They  often  act  in  this  manner, 
both  with  endemic  and  exotic  species,  in  many  parts  of 
Europe,  in  the  United  States,  and  in  the  Himalaya ; 
and  therefore  probably  in  all  parts  of  the  world.  The 
plants,  the  fertilisation  of  which  actually  depends  on 
insects  entering  the  flowers,  will  fail  to  produce  seed 
when  their  nectar  is  stolen  from  the  outside ;  and  even 
with  those  species  which  are  capable  of  fertilising 
themselves  without  any  aid,  there  can  be  no  cross- 
fertUisation,  and  this,  as  we  know,  is  a  serious  evil 
in  most  cases.  The  extent  to  which  humble-bees 
carry  on  the  practice  of  biting  holes  is  surprising :  a 
remarkable  case  was  observed  by  me  near  Bourne- 
mouth, where  there  were  formerly  extensive  heaths. 
I  took  a  long  walk,  and  every  now  and  then  gathered 
a  twig  of  Erica  tetraiix,  and  when  I  had  got  a  handful 
all  the  flowers  were  examined  through  a  lens.  This 
process  was  repeated  many  times ;  but  though  many 
hundreds  were  examined,  I  did  not  succeed  in  finding 
a  single  flower  which  had  not  been  perforated. 
Humble-bees  were  at  the  time  sucking  the  flowers 
through  these  perforations.  On  the  following  day  a 
large  number  of  flowers  were  examined  on  another 
heath  with  the  same  result,  but  here  hive-bees  were 
sucking  through  the  holes.  This  case  is  all  the 
more  remarkable,  as  the  innumerable  holes  had  been 
made  within  a  fortnight,  for  before  that  time  I  saw  the 
bees  everywhere  sucking  in  the  proper  manner  at  the 
mouths  of  the  corolla.  In  an  extensive  flower-garden 
some  large  beds  of  Salvia  grahami,  Staohys  eoceinea, 
and  Pentstemon  argutus  (?)  had  every  flower  per- 
forated, and  many  scores  were  examined.  I  have  seen 
whole  fields  of  red  clover  (Trifolium  praiense)  in  the 
same  state.    Dr.  Ogle  found  that  90  per  cent,  of  the 
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flowers  of  Salvia  ghiiinoia  had  been  bitten.  In  the 
United  States  Mr.  Bailey  says  it  is  difficult  to  find  a 
blossom  of  the  native  Gsrardia  pedicularia  without  a 
hole  in  it ;  and  Mr.  Gentry,  in  speaking  of  the  intro- 
duced Wistaria  sinensis,  says  "  that  nearly  every  flower 
had  been  perforatod."  " 

As  iar  as  I  have  seen,  it  is  always  humble-bees  which 
first  bite  the  boles,  and  they  are  well  fitted  for  the  work 
by  possessing  powerful  mandibles;  but  hive-bees  after- 
wards profit  by  the  holes  thus  made.  Dr.  H.  Miiller, 
however,  writes  to  me  that  hive-bees  sometimes  bite 
holes  through  the  flowers  of  Erica  tetralix.  No  insecta 
except  bees,  with  the  single  exception  of  wasps  in  the 
ease  of  Tritoma,  have  sense  enough,  as  far  as  I  have 
observed,  to  profit  by  the  holes  already  made.  Even 
humble-bees  do  not  always  discover  that  it  would  bp 
advantageous  to  them  to  perforate  certain  flowers. 
There  is  an  abundant  supply  of  nectar  in  the  nectary 
of  Trupmolmn  tricolor,  yet  I  have  found  this  plant 
untouched  in  more  than  one  garden,  while  the  flowers 
of  other  plants  hud  been  extensively  perforated ;  but 
a  few  years  ago  Sir  J.  Lubbock's  gardener  assured 
me  that  he  had  seen  humble-bees  boring  through 
the  nectary  of  this  IVopEeolum.  Miiller  has  observed 
humbie-bees  trying  to  suck  at  the  mouths  of  the 
flowers  of  Primula  elatior  and  of  an  Aquilegia,  and, 
failing  in  their  attempts,  they  made  holes  through 
the  corolla ;  but  they  often  bite  holes,  although  they 
could  with  very  little  more  trouble  obtain  the 
uectar  in  a  legitimate  manner  by  the  mouth  of  the 
corolla. 

Dr.  W.  Ogle  has  communicated  to  me  a  curious  caae. 


■  Dr.  Ogle,  'Poi).  Bi^iance  Be- 
Tiew,'  Jnly  1 869,  p.  207.  Biuley, 
Amuniraa  Naturalist,'  Not.  1S73, 
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Ue  gathered  in  Switzerland  100  flower-stems  of  the 
common  blue  variety  of  the  monkshood  (Acanitum 
napellus)y  and  not  a  single  flower  was  perforated ;  he 
then  gathered  100  stems  of  a  white  variety  growing 
close  by,  and  every  one  of  the  open  flowers  had  been 
perforated.  This  surprising  difference  in  the  state  of 
the  flowers  may  be  attributed  with  much  probability 
to  the  blue  variety  being  distasteful  to  bees,  from  the 
presence  of  the  acrid  matter  which  is  so  general  in  the 
Banunculacese,  and  to  its  absence  in  the  white  variety 
in  correlation  with  the  loss  of  the  blue  tint.  Accord- 
ing to  Sprengel,*  this  plant  is  strongly  proterandrous ; 
it  would  therefore  be  more  or  less  sterile  unless  bees 
carried  pollen  from  the  younger  to  the  older  flowers. 
Consequently  the  white  variety,  the  flowers  of  which 
were  always  bitten  instead  of  being  properly  entered 
by  the  bees,  would  fail  to  yield  the  full  number 
of  seeds  and  would  be  a  comparatively  rare  plant, 
as  Dr.  Ogle  informs  me  was  the  case. 

Bees  show  much  skill  in  their  manner  of  working, 
for  they  always  make  their  holes  from  the  outside 
close  to  the  spot  where  the  nectar  lies  hidden  within 
the  corolla.  All  the  flowers  in  a  large  bed  of  Stachys 
coccinea  had  either  one  or  two  slits  made  on  the  upper 
side  of  the  corolla  near  the  base.  The  flowers  of  a 
Mirabilis  and  of  Salvia  coccinea  were  perforated  in  the 
same  manner ;  whilst  those  of  Salvia  ffrahami,  in  which 
the  calyx  is  much  elongated,  had  both  the  calyx  and  the 
corolla  invariably  perforated.  The  flowers  of  PerUstemon 
argutus  are  broader  than  those  of  the  plants  just  named, 
and  two  holes  alongside  each  other  had  here  always 
been  made  just  above  the  calyx.  In  these  several  cases 
•  the  perforations  were  on  the  upper  side,  but  in  AtUtr- 


*  'Das  Kntdeokteb*  fto.  p.  87& 
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rhinum  majus  one  or  two  holes  had  been  made  on  the 
lower  aide,  close  to  the  little  protuberance  which  re- 
presenta  the  nectary,  and  therefore  directly  in  front  of 
and  close  to  the  spot  where  the  nectar  is  secreted. 

But  the  moat  remarkable  case  of  skill  and  judgment 
known  to  me,  is  that  of  the  perforation  of  the  flowers  of 
Jjoihyras  sylvestris,  as  described  by  my  son  Francis.* 
The  nectar  in  this  plant  is  enclosed  within  a  tube, 
formed  by  the  united  stamens,  which  surround  the 
pistil  90  closely  that  a  bee  is  forced  to  insert  its 
proboscis  outside  the  tube  ;  but  two  natural  rounded 
passages  or  orifices  are  left  in  the  tube  near  the  base, 
in  order  that  the  nectai  may  be  reached  by  the  bees. 
Now  my  son  found  in  sixteen  out  of  twenty-four  flowers 
on  this  plant,  and  in  eleven  out  of  sixteen  of  those  on 
the  cultivated  everlasting  pea,  which  is  either  a  variety 
of  the  same  species  or  a  closely  allied  one,  that  the 
left  passage  was  larger  than  the  right  one.  And  here 
comes  the  remarkable  point, — the  humble-bees  biteholes 
through  the  standard-petal,  and  they  always  operated 
oil  the  left  side  over  the  passage,  which  is  generally 
the  larger  of  the  two.  My  son  remarks :  "  It  is  difficult 
to  say  how  the  bees  could  have  acquired  this  habit. 
Whether  they  discovered  the  inequality  in  the  size  of 
the  nectar-holes  in  sucking  the  flowers  in  the  proper 
way,  and  then  utilised  this  knowledge  in  determining 
where  to  gnaw  the  hole ;  or  whether  they  found  out 
the  best  situation  by  biting  through  the  st.andard  at 
various  points,  and  afterwards  remembered  its  situatiou 
in  visiting  other  flowers.  But  in  either  case  they  show  a 
remarkable  power  of  making  use  of  what  they  have 
learnt  by  experience."  It  seems  probable  that  bees 
owe  their  skill  in  biting  holes  through  flowers  of  all 
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kmds  to  their  haying  long  practised  the  instinct  of 
moulding  cells  and  pots  of  wax,  or  of  enlarging  their 
old  cocoons  with  tubes  of  wax;  for  they  are  thus 
compelled  to  work  on  the  inside  and  outside  of  the 
same  object. 

In  the  early  part  of  the  summer  of  1857  I  was 
led  to  observe  during  some  weeks  several  rows  of  the 
scarlet  kidney-bean  (Phaseolua  mtdtijlorus),  whilst 
attending  to  the  fertilisation  of  this  plant,  and  daily 
saw  humble-  and  hive-bees  sucking  at  the  mouths 
of  the  flowers.  But  one  day  I  found  several  humble- 
bees  employed  in  cutting  holes  in  flower  after  flower ; 
and  on  the  next  day  every  single  hive-bee,  without 
exception,  instead  of  alighting  on  the  left  wing-petal 
and  sucking  the  flower  in  the  proper  manner,  flew 
straight  without  the  least  hesitation  to  the  calyx,  and 
sucked  through  the  holes  which  had  been  made  only 
the  day  before  by  the  humble-bees;  and  they  con- 
tinued this  habit  for  many  following  days.*  tILr.  Belt 
has  communicated  to  me  (July  28th,  1874)  a  similar 
case,  with  the  sole  difference  that  less  than  half  of  the 
flowers  had  been  perforated  by  the  humble-bees; 
nevertheless,  all  the  hive-bees  gave  up  sucking  at  the 
mouths  of  the  flowers  and  visited  exclusively  the  bitten 
ones.  Now  how  did  the  hive-bees  find  out  so  quickly 
that  holes  had  been  made  ?  Instinct  seems  to  be  out 
of  the  question,  as  the  plant  is  an  exotic.  The  holes 
cannot  be  seen  by  bees  whilst  standing  on  the  wing- 
petals,  where  they  had  always  previously  alighted. 
From  the  ease  with  which  bees  were  deceived  when  the 
petals  of  Lobelia  erinus  were  cut  off,  it  was  clear  that 
in  this  case  they  were  not  guided  to  the  nectar  by  its 
smell;   and  it  may  be  doubted  whether  they  were 
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attracted  to  the  holes  in  the  flowers  oi  the  Phaseolus 
by  the  odour  emitted  from  them.  Did  they  perceive 
the  holea  by  the  sense  of  toueh  in  their  proboscides, 
whilst  sucking  the  flowers  in  the  proper  manner,  and 
then  reason  that  it  would  save  them  time  to  iilight  on 
the  outside  of  the  flowers  and  use  the  holea?  This 
almoat  too  abstruse  an  act  of  reason  for  beea; 

id  it  is  more  probable  that  they  saw  the  humble-bees 
work,  and   nnderstanding  what  they  were  about, 

itated  them  and  took  advantage  of  the  shorter  path 
the  nectar.  Even  with  animals  high  in  the  scale, 
iDch  as  monkeys,  we  should  be  surprised  at  hearing 
that  all  the  individuals  of  one  species  within  the 
space  of  twenty-four  hours  understood  an  act  per- 
formed by  a  distinct  species,  and  profited  by  it. 

I  have  repeatedly  observed  with  various  kinds 
of  flowers  that  all  the  hive  and  hiunble-beea  which 
were  sucking  through  the  perforations,  flew  to  them, 
whether  on  the  upper  or  under  side  of  the  corolla, 
without  the  least  hesitation;  and  this  shows  how 
quickly  all  the  individuals  within  the  district  had 
acquired  the  same  knowledge.  Yet  habit  comes  into 
play  to  a  certain  extent,  as  in  so  many  of  the  other 
operations  of  bees.  Dr.  Ogle,  Messrs.  Farrer  and 
Belt  have  observed  in  the  case  of  Phaseolus  midtifiorua* 
that  certain  individuals  went  exclusively  to  the  per- 
forations, while  others  of  the  same  species  visited 
only  the  mouths  of  the  flowers.  I  noticed  in  1861 
exactly  the  same  fact  with  Trifolium  pratenae.  So  per- 
sistent is  the  force  of  habit,  that  when  a  bee  which  is 
visiting  perforated  flowers  comes  to  one  which  has  not 
been  bitten,  it  does  not  go  to  the  mouth,  but  instantly 

•  Dr.  Ogle,  'Pop.  S.^ience  Be-       Hiet'  4th  seriaa,  vol,  H,  1868,  p. 
view.'  April   1870.   p.    liil.    Mr.       258.  Mr.  Beit  iu  e.  letter  to  ma 
Farrer, '  Annala  atjii  Mag  of  Nut. 
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flies  away  in  search  of  another  bitten  flower.  Never- 
theless, I  once  saw  a  humble-bee  visiting  the  hybrid 
Rhododendron  azdloideSy  and  it  entered  the  mouths 
of  some  flowers  and  cut  holes  into  the  others.  Dr. 
H.  Miiller  informs  me  that  in  the  same  district  he  has 
seen  some  individuals  of  Bombus  mastrueaius  boring 
through  the  calyx  and  corolla  of  Rhinanthus  aledero- 
lophuSy  and  others  through  the  corolla  alone.  Different 
species  of  bee^  may,  however,  sometimes  be  observed 
acting  differently  at  the  same  time  on  the  same  plant. 
I  have  seen  hive-bees  sucking  at  the  mouths  of  the 
flowers  of  the  common  bean ;  humble-bees  of  one  kind 
sucking  through  holes  bitten  in  the  calyx,  and  humble- 
bees  of  another  kind  sucking  the  little  drops  of  fluid 
excreted  by  the  stipules.  Mr.  Beal  of  Michigan 
informs  me  that  the  flowers  of  the  Missouri  currant 
{Riles  aureum)  abound  with  nectar,  so  that  children 
often  suck  them ;  and  he  saw  hive-bees  sucking 
through  holes  made  by  a  bird,  the  oriole,  and  at  the 
same  time  humble-bees  sucking  in  the  proper  manner 
at  the  mouths  of  the  flowers.*  This  statement  about 
the  oriole  calls  to  mind  what  I  have  before  said  of 
certain  species  of  humming-birds  boring  holes  through 
the  flowers  of  the  Brugmansia,  whilst  other  species 
entered  by  the  mouth. 

The  motive  which  impels  bees  to  gnaw  holes  through 
the  corolla  seems  to  be  the  saving  of  time,  for  they 
lose  much  time  in  climbing  into  and  out  of  largo 
flowers,  and  in  forcing  their  heads  into  closed  ones. 
They  were  able  to  visit  nearly  twice  as  many  flowers, 
as  far  as  I  could  judge,  of  a  Stachys  and  Pentstemon 


*  The  flowerd  of  the  Ribes  axe  through   and  rob  seyen  flowen 

however  sometimes  perforated  by  of    their   honey   in  a    minute: 

humble-bees,  and  Mr.  Bundy  says  *  American  Naturalist,'  1876^  fk 

that    they    were    able    to    bite  238. 
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by  alighting  OQ  the  upper  surface  of  the  corolla 
and  suckiug  through  the  cut  holes,  than  by  entering  in 
the  proper  way.  Nevertheless  each  bee  before  it 
has  had  mnch  practice,  must  losa  some  time  in 
making  each  new  perforation,  especially  when  the  per- 
foration has  to  be  made  through  both  calyx  and 
corolla.  This  action  therefore  implies  foresight,  of 
which  faculty  we  have  abundant  evidence  in  their 
building  operations ;  and  may  we  not  further  believe 
that  some  trace  of  their  social  instinct,  that  is,  of 
working  for  the  good  of  other  members  of  the  com- 
munity, may  here  likewise  play  a  part  ? 

Many  years  ago  I  was  struck  with  the  fact  that 
humble-bees  as  a  general  rule  perforate  flowers  only 
when  these  grow  in  large  numbers  near  together.  In 
a  garden  where  there  were  some  very  large  beds  of 
Stachya  Goodnea  and  of  Peniitemon  argutus,  every  single 
flower  was  perforated,  but  I  found  two  plants  of  the 
former  species  growing  quite  separate  with  their  petals 
much  scratched,  showing  that  they  had  been  frequently 
visited  by  bees,  and  yet  not  a  single  flower  was 
perforated.  I  found  also  a  separate  plant  of  the 
Pentstemon,  and  saw  bees  entering  the  mouth  of  the 
corolla,  and  not  a  single  flower  had  been  perforated.  In 
the  following  year  (1842)  I  visited  the  same  garden 
several  times  :  on  the  19th  of  July  humble-bees  were 
sucking  the  flowers  of  Slaekys  coecdnea  and  Salvia 
grahami  in  the  proper  manner,  and  none  of  the  corollas 
were  perforated.  On  the  7th  of  August  all  the  flowers 
were  perforated,  even  those  on  some  few  plants  of  the 
Salvia  which  grew  at  a  little  distance  from  the  great 
bed.  On  the  21st  of  August  only  a  few  flowers  on  the 
summits  of  the  spikes  of  both  species  remained  fresh, 
and  not  one  of  these  was  now  bored.  Again,  in  my  own 
garden  every  plant  in  several  rows  of  the  common  bean 
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had  many  flowers  perforated ;  but  I  found  three  plants 
in  separate  parts  of  the  garden  which  had  sprung  up 
accidentally,  and  these  had  not  a  single  flower  per- 
forated. General  Strachey  formerly  saw  many  per- 
forated flowers  in  a  garden  in  the  Himalaya,  and  he 
wrote  to  the  owner  to  inquire  whether  this  relation 
between  the  plants  growing  crowded  and  their  per- 
foration by  the  bees  there  held  good,  and  was  answered 
in  the  afiSrmative.  Hence  it  follows  that  the  red 
clover  {THfdium  pratense)  and  the  common  bean  when 
cultivated  in  great  masses  in  fields, — that  Erica  tetrcdix 
growing  in  large  numbers  on  heaths, — ^rows  of  the 
scarlet  kidney-bean  in  the  kitchen-garden, — and  masses 
of  any  species  in  the  flower-garden, — are  all  eminently 
liable  to  be  perforated. 

The  explanation  of  this  fact  is  not  diJDScult.  Flowers 
growing  in  large  numbers  afford  a  rich  booty  to  the 
bees,  and  are  conspicuous  from  a  distance.  They  are 
consequently  visited  by  crowds  of  these  insects,  and  I 
once  counted  between  twenty  and  thirty  bees  flying 
about  a  bed  of  Pentstemon.  They  are  thus  stimulated 
to  work  quickly  by  rivalry,  and,  what  is  much  more 
important,  they  find  a  large  proportion  of  the  flowers, 
as  suggested  by  my  son,*  with  their  nectaries  sucked 
dry.  They  thus  waste  much  time  in  searching  many 
empty  flowers,  and  are  led  to  bite  the  holes,  so  as 
to  find  out  as  quickly  as  possible  whether  there  is  any 
nectar  present,  and  if  so,  to  obtain  it. 

Flowers  which  are  partially  or  wholly  sterile  unless 
visited  by  insects  in  the  proper  manner,  such  as 
those  of  most  species  of  Salvia,  of  Trifolium  praiensef 
Phaseolvs  muUiJlorus,  &c.,  will  fail  more  or  less  com- 
pletely to  produce  seeds  if  the  bees  confine  their  visits 
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to  the  pertbrations.  The  perlbrated  flowers  of  those 
species,  which  are  capable  of  fertilising  themselves,  will 
yield  only  self-fertiliaed  seeds,  and  the  seedlings  will 
in  consequence  be  less  vigorous.  Therefore  all  plants 
must  suffer  in  some  degree  when  bees  obtain  their  nectar 
in  a  felonious  manner  by  biting  holes  through  the 
corolla ;  and  many  species,  it  might  be  thought,  would 
thus  be  exterminated.  But  hero,  as  is  so  general 
throughout  nature,thereiaatendencytowarda  a  restored 
equilibrium.  If  a  plant  suffers  from  being  perforated, 
fewer  individuals  will  be  reared,  and  if  its  nectar  m 
highly  important  to  the  bees,  these  in  their  turn  will 
suffei  and  decrease  in  number  ;  but,  what  is  much  more 
effective,  as  soon  as  the  plant  becomes  somewhat 
rare  so  as  not  to  grow  in  crowded  masses,  the  bees 
will  no  longer  be  stimulated  to  gnaw  holes  in  the 
flowers,  but  will  enter  them  in  a  legitimate  manner. 
More  seed  will  then  be  produced,  and  the  seedlings 
being  the  product  of  cross-fertilisation  will  be  vigorous, 
BO  that  the  species  will  tend  to  increase  in  number,  to 
be  again  checked,  as  soon  as  the  plant  again  grows  in 
[  crowded  n 
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piofed  to  be  beneficuJ,  and  self-fertfliaatioii  iu> 
jorioos — Allied  spedes  diilisr  greatly  in  the  means  bj  which  erotfi- 
fc^rtUiaation  is  IkTooied  and  self-feKtilisatlon  vfoided — ^The  benefits 
and  erila  vi  the  two  prooesaes  depend  on  the  degree  of  differentiation 
in  the  sexual  elements — The  otII  effects  not  dne  to  the  oomlnnatioii  of 
morbid  tendencies  in  the  parents — Nature  of  theeonditioinsto  which 
plants  are  snbjected  when  growing  near  together  ina  state  of  natorc 
or  under  culture,  and  the  effects  c^  such  conditiona — ^Theoretical 
consideratunis  with  respect  to  the  interaction  of  differentiated  sexual 
elements— Practical  lessons— Genesis  of  the  two  sexes — Cloee  corre- 
spondence between  the  effects  of  croes-fiBrtilisation  and  self-fertilisa- 
tion, and  of  the  legitimate  and  illegitimate  unions  of  heterostyled 
plants,  in  comparison  with  hybrid  unimis. 

The  first  and  most  important  of  the  conclusions  which 
may  be  drawn  from  the  observations  given  in  this 
volume,  is  that  cross-fertilisation  is  generally  beneficial, 
and  self-fertilisation  injurious.  This  is*  shown  by  the 
diflference  in  height,  weight,  constitutional  vigour,  and 
fertility  of  the  offspring  from  crossed  and  self-fertilised 
flowers,  and  in  the  number  of  seeds  produced  by  the 
parent-plants.  With  respect  to  the  second  of  these  two 
propositions,  namely,  that  self-fertilisation  is  generally 
injurious,  we  have  abundant  evidence.  The  structure 
of  the  flowers  in  such  plants  as  Lobdia  ramosa,  Diffitalis 
py/rpu/rea,  &c.,  renders  the  aid  of  insects  almost  indis- 
pensable for  their  fertilisation;  and  bearing  in  mind 
the  prepotency  of  pollen  from  a  distinct  individual 
over  that  from  the  same  individual,  such  plants  will 
almost  certainly  have  been  crossed  during  many  or 
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all  previous  generations.  So  it  must  be,  owing  merely 
to  the  prepotency  of  foreign  pollen,  with  cabbages 
and  various  other  plants,  the  varieties  of  which  almost 
invariably  intercroBS  when  grown  together.  The  same 
inference  may  be  drawn  atill  more  surely  with  respect 
to  those  plants,  such  as  Reseda  and  Eschscholtzia, 
which  are  sterile  with  their  own  pollen,  but  fertile 
with  that  from  any  other  individual.  These  several 
plants  must  therefore  have  been  crossed  during  a  long 
series  of  previous  generations,  and  the  artificial  crosses 
in  my  experiments  cannot  have  increased  the  vigour  of 
the  offspring  beyond  that  of  their  progenitors.  There- 
fore the  difference  between  the  self-fertilised  and  crossed 
planta  raised  by  me  cannot  be  attributed  to  the  supe- 
riority of  the  crosaed,  but  to  the  inferiority  of  the 
self-fertiliaed  seedlings,  due  to  the  injurious  effeots  of 
aelf-fertilisation. 

With  respect  to  the  first  proposition,  namely,  that 
cross-fertilieation  is  generally  beneficial,  we  likewise 
have  excellent  evidence.  Plants  of  Ipomcea  were  inter- 
crossed for  nine  successive  generations ;  they  were  then 
again  intercrossed,  and  at  the  same  time  crossed  with  a 
plant  of  a  fresh  stock,  that  is,  one  brought  from  another 
garden ;  and  the  offspring  of  this  latter  cross  were  to 
the  intercrossed  plants  in  height  as  100  to  78,  and  in 
fertility  as  100  to  51.  An  analogous  experiment  with 
£schscholtzia  gave  a  similar  result,  as  far  as  fertility 

»vaa  concerned.  In  neither  of  these  cases  were  any  of 
■■the  plants  the  product  of  self-fertilisation.  Plants  of 
Dianthuswere  self- fertilised  for  three  generations,  and 
this  no  doubt  was  injurious;  but  when  these  plants 
were  fertilised  by  a  fresh  stock  and  by  intercrossed 
plants  of  the  same  stock,  there  was  a  great  difference 

E"ity  between  the  two  sets  of  seedlings,  and  some 
;e  in  their  height.  Petunia  offers  a  nearly 
I 
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parallel  case.  With  yarions  other  plants,  the  wonderful 
effects  of  a  cross  with  a  fresh  stock  may  be  seen  in 
Table  C.  Several  accounts  have  also  been  published* 
of  the  extraordinary  growth  of  seedlings  from  a  cross 
between  two  varieties  of  the  same  species,  some  of  which 
are  known  never  to  fertilise  themselves ;  so  that  here 
neither  self-fertilisation  nor  relationship  even  in  a 
remote  degree  can  have  come  into  play.  We  may 
therefore  conclude  that  the  above  two  propositions  are 
true, — that  cross-fertilisation  is  generally  beneficial 
and  self-fertilisation  injurious  to  the  offspring. 

That  certain  plants,  for  instance,  Viola  tricolor^ 
Digitalis  purpurea,  Saroihamnus  scoparitts,  Oydamen 
persicum,  &c.,  which  have  been  naturally  cross-fertilised 
for  many  or  all  previous  generations,  should  suffer  to 
an  extreme  degree  from  a  single  act  of  self-fertilisation 
is  a  most  surprising  fact.  Nothing  of  the  kind  has 
been  observed  in  our  domestic  animals ;  but  then  we 
must  remember  that  the  closest  possible  interbreeding 
with  such  animals,  that  is,  between  brothers  and  sisters, 
cannot  be  considered  as  nearly  so  close  a  union  as  that 
between  the  pollen  and  ovules  of  the  same  flower. 
Whether  the  evil  from  self-fertilisation  goes  on  in- 
creasing during  successive  generations  is  not  as  yet 
known ;  but  we  may  infer  from  my  experiments  that 
the  increase  if  any  is  far  from  rapid.  After  plants  have 
been  propagated  by  self-fertilisation  for  several  genera- 
tions, a  single  cross  with  a  fresh  stock  restores  their 
pristine  vigour ;  and  we  have  a  strictly  analogous 
result  with  our  domestic  animals,  t  The  good  effects 
of  cross-fertilisation  are  transmitted  by  plants  to  the 
next  generation ;    and  judging  from  the  varieties  of 


*  See    *  Variation    under   Do-  f  Ibid.   oh.  zix.  2nd  edit  ytA 
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the  common  pea,  to  many  succeeding  generations.  But 
this  may  merely  be  that  crossed  plants  of  the  first 
generation  are  extremely  vigorous,  and  transmit  their 

;our,  like  any  other  character,  to  their  successors. 

Notwithstanding  the  evil  which  many  plants  suffer 
&om  self-fertilisation,  they  can  be  thus  propagated 
under  favourable  conditions  for  many  generations,  as 
shown  by  some  of  my  experiments,  and  more  especially 
by  the  survival  during  at  least  half  a  century  of  the 
varieties  of  the  common  pea  and  sweet-paa.  The 
conclusion  probably  holds  good  with  several  other 
exotic  plants,  which  are  never  or  most  rarely  cross- 
fertilised  in  this  country.  But  all  these  plants,  as  far 
as  they  have  been  tried,  profit  greatly  by  a  cross  with 
a  fresh  stock.  Some  few  plants,  for  instance,  Ophrys 
apifera,  have  almost  certaiidy  been  propagated  in  a 
state  of  nature  for  thousands  of  generations  without 
having  been  once  intercrossed ;  and  whether  they  would 
profit  by  a  cross  with  a  fresh  stock  is  not  known.  But 
auch  cases  ought  not  to  make  us  doubt  that  as  a  general 
rule  crossing  is  beneficial,  any  more  than  the  existence 
of  plants  which,  in  a  state  of  nature,  arc  propagated 
exclusively  by  rhizomes,  stolons,  &c.'  (their  flowers 
never  producing  seeds),  should  make  us  doubt  that 
aeminal  generation  must  have  some  great  advantage, 

it  is  the  common  plan  followed  by  nature.  Whether 
ly  species  has  been  reproduced  asexually  from  a  very 
remote  period  cannot,  of  course,  be  ascertained.  Our 
Bole  means  for  forming  any  judgment  on  this  head  is 
the  duration  of  the  varieties  of  our  fruit  trees  which 
have  been  long  propagated  by  grafts  or  buds.  Andrew 
Knight  formerly  maintained  that  under  these  circum- 
Btancra  they  always  become  weakly,  but  this  conclusion 
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has  l>eeii  warmly  disputed  by  others.  A  recent  and 
competent  judge,  Prof.  Asa  Gray,'  leans  to  the  side 
of  Andrew  Knight,  which  seems  to  me,  from  such 
evidence  as  I  have  been  able  to  coUect,  the  more 
probable  view,  notwithstanding;  many  opposed  facta. 

The  means  for  favouring  cross-fertilisation  and  pre- 
venting self-fortilisation,  or  conversely  for  favouring 
self-fertilisation  and  preventing  to  a  certain  extent 
cross-fertilisation,  are  wonderfully  diversified;  and  it 
is  remarkable  that  these  differ  widely  in  closely  allied 
plants,! — in  the  species  of  the  same  genus,  and  some- 
times in  the  individuals  of  the  same  species.  It  is 
not  rare  to  find  hermaphrodite  plants  and  others 
with  separated  sexes  within  the  same  genus ;  and  it  is 
common  to  find  some  of  the  species  dichogamons  and 
others  maturing  their  sesual  elements  simultaneously. 
The  dichogamous  genus  Saxifraga  contains  proter- 
androua  and  proterogynous  species.  J  Several  genera 
include  both  heterostyled  (dimorphic  or  trimorphic 
forma)  and  homoatyled  species.  Ophrys  offers  a 
remarkable  instance  of  one  species  having  its  structure 
manifestly  adapted  for  self-fertilisation,  and  other 
species  as  manifestly  adapted  for  cross- fertilisation. 
Some  con-generic  species  are  quite  sterile  and  others 
quite  fertile  with  their  own  pollen.  From  these  several 
causes  we  often  find  within  the  same  genua  apeoies 
which  do  not  produce  seeds,  while  others  produce  an 
abundance,  when  insects  are  excluded.  Some  species 
bear  cleistogene  flowers  which  cannot  be  crossed,  as 
well  as  perfect  flowers,  whilst  others  in  the  same  genua 
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never  prodnce  cleiBtogene  flowers.  Some  species  exist 
under  two  forms,  the  one  beariog  conspicuous  flowers 
adapted  for  cross-fertilisation,  the  other  bearing  in- 
conspicuous flowers  adapted  for  self-fertilistion,  whilst 
other  species  in  the  same  genus  present  only  a  shigle 
form.  Even  with  the  individuals  of  the  same  species, 
the  degree  of  self-sterility  varies  greatly,  as  in  Eeseda. 
With  polygamous  plants,  the  distribution  of  the  sexes 
diflers  in  the  individuals  of  the  same  species.  The  rela- 
tive period  at  which  the  sexual  elements  in  the  same 
flower  are  matiire,  differs  in  the  varieties  of  Pelar- 
gonium ;  and  Carriere  gives  several  cases,*  showing 
that  the  period  varies  according  to  the  temperature  to 
which  the  plants  are  exposed. 

This  extraordinary  diversity  in  the  means  for 
favouring  or  preventing  cross-  and  self-fertilisation  in 
closely  allied  forms,  probably  depends  on  the  results 
of  both  processes  beinj;  highly  beneficial  to  the  species, 
but  directly  opposed  in  many  ways  to  one  another  and 
dependent  on  variable  conditions.  Self-fertilisation 
assures  the  production  of  a  large  supply  of  seeds ;  and 
the  necessity  or  advantage  of  this  will  be  determined 
by  the  average  length  of  life  of  the  plant,  which  largely 
depends  on  the  amount  of  destruction  suffered  by  the 
seeds  and  seedlings.  This  destruction  follows  from 
the  most  various  and  variable  causes,  such  as  the 
presence  of  animals  of  several  kinds,  and  the  growth 
of  surrounding  plants.  The  possibility  of  cross-fertili- 
sation depends  mainly  on  the  presence  and  number 
of  certain  insects,  often  of  insects  belonging  to  spt-eial 
groups,  and  on  the  degree  to  which  they  are  attracted 
to  the  flowers  of  any  particular  species  in  preference  to 
other   flowers,- — all  circumstances   likely   to    change. 
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Moreover,  the  advantages  which  follow  from  cross- 
fertilisation  differ  much  in  different  plants,  so  that  it 
is  probable  that  allied  plants  would  often  profit  in 
different  degrees  by  cross-fertilisation.  Under  these 
extremely  complex  and  fluctuating  conditions,  with 
two  somewhat  opposed  ends  to  be  gained,  namely,  the 
safe  propagation  of  the  species  and  the  production  of 
cross-fertilised,  vigorous  offspring,  it  is  not  surprising 
that  allied  forms  should  exhibit  an  extreme  diversity 
in  the  means  which  favour  either  end.  If,  as  there  is 
reason  to  suspect,  self-fertilisation  is  in  some  respects 
beneficial,  although  more  than  counterbalanced  by  the 
advantages  derived  from  a  cross  with  a  fresh  stock,  the 
problem  becomes  still  more  complicated. 

As  I  only  twice  experimented  on  more  than  a  single 
species  in  a  genus,  I  cannot  say  whether  the  crossed 
offspring  of  the  several  species  within  the  same  genus 
differ  in  their  degree  of  superiority  over  their  self- 
fertilised  brethren;  but  I  should  expect  that  this 
would  often  prove  to  be  the  case  from  what  was 
observed  with  the  two  species  of  Lobelia  and  with  the 
individuals  of  the  same  species  of  Nicotiana.  The 
species  belonging  to  distinct  genera  in  the  same  family 
certainly  differ  in  this  respect.  The  effects  of  cross- 
and  self-fertilisation  may  be  confined  either  to  the 
growth  or  to  the  fertility  of  the  offspring,  but  generally 
extends  to  both  qualities.  There  does  not  seem  to 
exist  any  close  correspondence  between  the  degree  to 
which  the  flowers  of  species  are  adapted  for  cross- 
fertilisation,  and  the  degree  to  which  their  offspring 
profit  by  this  process ;  but  we  may  easily  err  on  this 
head,  as  there  are  two  means  for  ensuring  cross-ferti- 
lisation which  are  not  externally  perceptible,  namely, 
self-sterility  and  the  prepotent  fertilising  influence  of 
pollen  from  another  individual.    Lastly,  it  has  been 
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ahown  in  a  fonner  chapter  that  the.  effect  produced  by 
cross  and  self-fertilisation  on  the  fertility  of  the  parent 
plants  does  not  always  correspond  with  that  produced 
on  the  height,  vigour,  and  fertility  of  their  offspring. 
The  same  remark  applies  to  crossed  and  self-fertilised 
seedlings  when  these  are  used  as  the  parent-planta.  This 
want  of  correspondence  probably  depends,  at  least  in 
part,  on  the  number  of  seeds  produced  being  chiefly 
determined  by  the  number  of  the  pollen-tubes  whioh 
reach  the  ovules,  and  this  will  be  governed  by  the  re- 
action between  tbe  pollen  and  the  stigmatic  secretion 
or  tissues;  whereas  the  growth  and  constitutional  vigour 
of  the  offspring  will  be  chiefly  determined,  not  only  by 
the  number  of  pollen-tubes  reaching  the  ovules,  but  by 
the  nature  of  the  reaction  between  the  contents  of  the 
^_  pollen-grains  and  ovules. 

\  There   are  two  other  important  conclusions  which 

may  be  deduced  from  my  observations :  firstly,  that  the 
advantages  of  cross-fertilisation  do  not  follow  from 
some  mysterious  virtue  in  the  mere  union  of  two 
distinct  individuals,  but  from  such  individuals  having 
been  subjected  during  previous  generations  to  dif- 
ferent conditions,  or  to  their  having  varied  in  a  manner 
commonly  called  spontaneous,  so  that  in  either  case 
their  sexual  elements  have  been  in  some  degree  differ- 
entiated. And  secondly,  that  the  injury  from  self- 
fertilisation  follows  from  the  want  of  such  differentia- 
tion in  the  sexual  elements.  These  two  propositions 
are  fully  established  by  my  experiments.  Thus,  when 
plants  of  the  Ipomoea  and  of  the  Mimulus,  which  had 
been  self-fertilised  for  the  seven  previous  generations 
and  had  been  kept  all  tbe  time  under  the  same  condi- 
^^^tions,  were  intercrossed  one  with  another,  the  offspring 
^^Hlid  not  profit   in   the  least  by  the  cross.     Mimulus 
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offers  another  instructive  case,  showing  that  the 
bcne6t  of  a  cross  depends  on  the  previous  treatment 
of  the  progenitors :  plants  which  had  been  self-fer- 
tiliaed  for  the  eight  previous  generations  were  crossed 
with  plants  which  had  been  intercrossed  for  the  same 
number  of  generations,  all  having  been  kept  under 
the  same  conditions  as  far  a.-<  possible ;  seedlings  from 
this  cross  were  grown  in  competition  with  otters 
derived  from  the  same  self-fertilised  mother-plant 
crossed  by  a  tresh  stock ;  and  the  latter  seedlings  were 
to  the  former  in  height  as  100  to  52,  and  in  fertility 
as  100  to  4.  An  exactly  parallel  experiment  was 
tried  on  Dianthns,  with  this  diffeience,  that  the  plants 
had  been  self-fertilised  only  for  the  three  previous  gene- 
rations, and  the  result  was  similar  though  not  su  strongly 
marked.  The  foregoing  two  cases  of  the  offspring  of 
Ipomcea  and  Eschscholtzia,  derived  from  a  cross  with  a 
fresh  stock,  being  as  much  superior  to  the  intercrossed 
plants  of  the  old  stock,  as  these  latter  were  to  the  self- 
fertilised  offspring,  strongly  supports  the  same  conclu- 
sion. A  cross  with  a  fresh  stock  or  with  another  variety 
seems  to  be  always  highly  beneficial,  whether  or 
not  the  mother-plants  have  been  intercrossed  or  self- 
fertilised  for  several  previous  generations.  The  fact 
that  a  cross  between  two  flowers  on  the  same  plant 
does  no  good  or  very  little  good,  is  likewise  a  strong 
corroboration  of  our  conclusion ;  for  the  sexual 
elements  in  the  flowers  on  the  same  plant  can  rarely 
have  been  differentiated,  though  this  is  possible,  as 
flower-buds  are  in  one  sense  distinct  individuals, 
sometimes  varying  and  differing  from  one  another  in 
structure  or  constitution.  Thus  the  proposition  that 
the  benefit  from  cross-fertilisation  depends  on  the 
plants  which  are  crossed  having  been  subjected  during 
previoos  generations  to  somewhat  different  oonditioiis, 
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or  to  their  having  varied  from  some  unknown  cause  as 
if  they  had  been  thus  subjected,  is  securely  fortified  on 
all  sides. 


H|    Be 


^^  iron 
^^^cr 
Htnti' 


Before  proceeding  any  further,  the  view  which  has 
Jen  maintained  by  several  physiologists  must  be 
noticed,  namely,  that  all  the  evils  from  breeding 
animals  too  closely,  and  no  doubt,  as  they  would  say, 
_  from  the  self- fertilisation  of  plants,  is  the  result  of  the 
^crease  of  some  morbid  tendency  or  weakness  of  consti- 
mtion  common  to  the  closely  related  parents,  or  to 
ftte  two  sexes  of  hermaphrodite  plauts.  Undoubtedly 
injury  has  often  thus  resulted ;  hut  it  is  a  vain 
attempt  to  extend  this  view  to  the  numerous  eases 
given  in  my  Tables.  It  should  be  remembered  that  the 
same  mother-plant  was  both  self- fertilised  and  crossed, 
so  that  it'  she  had  been  unhealthy  she  would  have 
transmitted  half  her  morbid  tendencies  to  her  crossed 
offspring.  But  plants  appearing  perfectly  healthy, 
some  of  them  growing  wild,  or  the  immediate  offspring 
of  wild  plants,  or  vigorous  common  garden-plants,  were 
selected  for  experiment.  Considering  the  number  of 
apecies  which  were  tried,  it  is  nothing  less  than  absurd 
to  suppose  that  in  all  these  cases  the  mother-planta, 
though  not  appearing  in  any  way  diseased,  were  weak 
or  unhealthy  in  so  peculiar  a  manner  that  their  self- 
fertilised  seedlings,  many  hundreds  in  number,  were 
rendered  inferior  in  height,  weight,  constitutional 
vigour,  and  fertility  to  their  crossed  offspring.  More- 
over, this  belief  cannot  be  extended  to  the  strongly 
marked  advantages  which  invariably  follow,  as  far  as 
my  experience  serves,  from  intercrossing  the  indivi- 
duals of  the  same  variety  or  of  distinct  varieties,  if 
Cve  been  subjected  during  some  generations  to 
;  conditions. 
L_ 
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It  IB  obvious  that  the  exposure  of  two  seta  of  plants 
during  several  genemtions  to  different  conditions  can 
lead  tu  no  beneficial  results,  as  far  as  crossing  is  con- 
cerned, unless  their  sexual  elements  are  thus  afifected. 
That  every  organism  is  acted  on  to  a  certain  extent  by 
a  change  in  its  environment,  will  not,  I  presume,  be 
disputed.  It  is  hardly  necessary  to  advance  evidence 
on  this  head  ;  we  can  perceive  the  difference  between 
individual  plants  of  the  same  species  which  have 
grown  in  somewhat  more  shady  or  sunny,  dry  or  damp 
places.  Plants  which  have  been  propagated  for  some 
generations  under  different  climates  or  at  different 
seasons  of  the  year  transmit  different  constitutions  te 
their  seedlings.  Under  such  circumstances,  the  che- 
mical constitution  of  their  fluids  and  the  nature  of 
their  tissues  are  often  modified.*  Many  other  such 
facts  could  be  adduced.  In  sliort,  every  alteration  in 
the  function  of  a  part  is  probably  connected  with  srjme 
corresponding,  though  often  quite  imperceptible  change 
in  structure  or  composition. 

Whatever  affects  an  organism  in  any  way,  likewise 
lends  to  act  on  its  sexual  elements.  We  see  this  in  the 
inheritance  of  newly  acquired  modifications,  such  as 
those  from  the  increased  use  or  disuse  of  a  part,  and 
even  from  mutilations  if  followed  by  disease.f  We 
have  abundant  evidence  how  aueoeptible  the  repro- 
ductive system  is  to  changed  conditions,  in  the  many 
instances  of  animals  rendered  sterile  by  confinement ; 
so   that  they  wilt  not  unite,  or  if  they  unite  do  not 
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produce  offspring,  though  the  confinement  may  be  far 
from  close ;  and  of  plants  rendered  sterile  by  culti- 
vation. But  hardly  any  cases  afford  more  stritjug 
evidence  how  powerfully  a  change  in  the  conditions  of 
life  acts  on  the  sexual  elements,  than  those  already 
given,  of  plants  which  are  completely  self-sterile  in 
one  country,  and  when  brought  to  another,  yield,  even 
in  the  first  generation,  a  fair  supply  of  self-fertilised 
seeds. 

But  it  may  be  said,  granting  that  changed  conditions 
act  on  the  sexual  elements,  how  can  two  or  more 
plants  growing  close  together,  either  in  their  native 
country  or  in  a  garden,  he  differently  acted  on,  inasmuch 
as  they  appear  to  be  exposed  to  exactly  the  same 
conditions  ?  Although  this  question  has  been  already 
considered,  it  deserves  further  consideration  under 
several  points  of  view.  In  my  experiments  with 
DigiialiB  purpurea,  some  flowers  on  a  wild  plant  were 
self-fertilised,  and  others  were  crossed  with  pollen 
from  another  plant  growing  within  two  or  three  feet's 
distance.  The  crossed  and  self-fertilised  plants  raised 
from  the  seeds  thus  obtained,  produced  flower-stems 
in  number  as  100  to  47,  and  in  average  height  as  100 
to  70,  Therefore  the  cross  between  these  two  plants 
was  highly  beneficial ;  but  how  could  their  sexual 
elements  have  been  differtjntiated  by  exposure  to 
different  conditions  ?  If  the  progenitors  of  the  two 
plants  had  lived  on  the  same  spot  during  the  last 
score  of  generations,  and  had  never  been  crossed  with 
any  plant  beyond  the  distance  of  a  few  feet,  in  all 
probability  their  offspring  would  have  been  reduced  to 
the  same  state  as  some  of  the  plants  in  my  experiments, 
— such  as  the  intercrossed  plants  of  the  ninth  genera- 
tion of  Ipomcea, — or  the  self-fertilised  plants  of  the 
eighth  generation  of  Mimulus, — or  the  offspring  from 
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flowers  on  the  same  plant, — and  in  this  case  a  cross 
between  the  two  plants  of  Digitalis  would  have  dgne 
no  good.  But  seeds  are  often  widely  dispersed  by 
natural  means,  and  one  of  the  above  two  plants  or 
one  oi"  their  ancestors  may  have  come  from  a  distance, 
from  a  more  shady  or  sunny,  dry  or  moist  place,  or  from 
a  different  kind  of  soil  containing  other  organic  or 
inorganic  matter.  We  know  from  the  admirable 
researches  of  Messrs.  Lawea  and  Gilbert*  that  different 
plants  require  and  consume  very  different  amounts  of 
inorganic  matter.  But  the  amount  in  the  soil  would 
probably  not  make  so  great  a  difference  to  the  several 
individuals  of  any  particular  species  as  might  at  first 
be  expected ;  for  the  surrounding  species  with 
different  requirements  would  tend,  from  existing  in 
greater  or  leaser  numbers,  to  keep  each  species  in  a 
sort  of  equilibrium,  with  respect  to  what  it  could  obtain 
from  the  soil.  So  it  would  be  even  with  respect  to 
moisture  during  dry  aeaaons ;  and  how  powerful  is  the 
influence  of  a  little  more  or  less  moisture  in  the  soil 
on  the  presence  and  distribution  of  plants,  is  often 
well  shown  in  old  pasture  fields  which  still  retain 
traces  of  former  ridges  and  furrows  Nevertheless,  as 
the  proportional  numbers  of  the  surrounding  plants  in 
two  neighbouring  places  is  rarely  exactly  the  same,  the 
individuals  of  the  same  species  will  be  subjected  to 
somewhat  different  conditions  with  respect  to  what  they 
cau  absorb  from  the  soil.  It  is  surprising  how  the  free 
growth  of  one  set  of  plants  affects  others  growing 
mingled  with  them ;  I  allowed  the  plants  on  rather 
more  than  a  square  yard  of  turf  which  had  been  closely 
mown  for  several  years,  to  grow  up ;  and  nine  species 
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Wt  of  twenty  were  thus  exterminated;  bat  whether 

'  I  was  altogether  due  to  the  kinds  which  grew  up 
iirobbiiig  the  others  of  nutriment,  I  do  not  know. 

Seeds  often  lie  dormant  for  several  years  in  the 
ground,  and  germinate  when  brought  near  tJie  surface 
by  any  means,  as  by  burrowing  animals.  They  would 
probably  be  affected  by  the  mere  circumstance  of  having 
long  lain  dormant;  for  gardeners  believe  that  the 
production  of  double  flowers  and  of  fruit  is  thus  in- 
fluenced. Seeds,  moreover,  which  were  matured  during 
different  seasons,  will  have  been  subjected  during  the 
whole  courae  of  their  development  to  different  degrees 
f  heat  and  moisture. 

It  was  shown  in  the  last  chapter  that  pollen  is  often 
FWrried  by  insects  to  a  considerable  distance  from 
plant  to  plant.  Therefore  one  of  the  parents  or 
ancestors  of  onr  two  plants  of  Digitalia  may  have  been 
crossed  by  a  distant  plant  growing  under  somewhat 
different  conditions.  Plants  thus  crossed  often  pro- 
duce an  unusually  large  number  of  seeds ;  a  striking 
instance  of  this  fact  ia  afforded  by  the  Bignonia,  pre- 
viously mentioned,  which  was  fertilised  by  Fritz  Miiller 
with  pollen  from  some  adjoining  plants  and  set  hardly 
any  seed,  but  when  fertihsed  with  pollen  from  a  dis- 
tant plant,  was  highly  fertile.  Seedlings  from  a  cross 
of  this  kind  grow  with  great  vigour,  and  transmit  their 
vigour  to  their  descendants.  These,  therefore,  in  the 
struggle  for  life,  will  generally  beat  and  exterminate 
the  seedlings  from  plants  which  have  long  grown  near 
together  under  the  same  conditions,  and  will  thus  tend 
to  spread. 

When  two  varieties  which  present  well-marked 
differences  are  crossed,  their  desceudauts  in  the  later 
generations  differ  greatly  from  one  another  in  ex- 
ternal characters ;  and  this  is  due  to  the  augmentation 
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ot  obliteration  of  some  of  these  diameters,  and  to 
the  reappearance  of  former  ones  through  reversion ; 
and  so  it  will  be,  as  we  may  feel  almost  sure,  with  any 
alight  differences  in  the  constitution  of  their  sexnal 
elements.  Anyhow,  my  experiments  indicate  that 
cniBsing  plants  which  have  been  long  subjected  to 
almust  though  not  quite  the  saice  conditions,  is  the 
most  powerful  of  all  the  means  for  retaining  some 
degree  of  differentiation  in  the  sexual  elements,  as 
shown  by  the  superiority  in  the  later  generations  of  the 
intercrossed  over  the  self-fertilised  seedlings.  Never- 
theless, the  continued  intercrossing  of  plants  thus 
treated  does  tend  to  obliterate  such  differentiation,  as 
may  be  inferred  from  the  lessened  benefit  derived  from 
intercrossing  such  plants,  in  comparison  with  that  from 
a  cross  with  a  fresh  stock.  It  seems  probable,  as  I  may 
add,  that  seeds  have  acquired  their  endless  curious 
adaptations  for  wide  dissemination,*  not  only  that  the 
seedlings  should  thus  be  enabled  to  find  new  and  fitting 
homes,  but  that  the  individuals  which  have  been  long 
subjected  to  the  same  conditions  should  occasionally 
intercross  with  a  fresh  stock. 

From  the  foregoing  several  considerations  we  may, 
I  think,  conclude  that  in  the  above  case  of  the  Digitalis, 
and  even  in  that  of  plants  which  have  grown  for 
thousands  of  generations  in  the  same  district,  as  must 
often  have  occurred  with  species  having  a  much 
restricted  range,  we  are  apt  to  over-estimate  the 
degree  to  which  the  individuals  have  been  subjected 
to  absolutely  the  same  conditions.  There  is  at  least 
no  difficulty  in  believing  that  such  plan's  have  been 
subjected  to  sufRciently  distinct  conditions  to  differ- 
entiate their  sexual  elements ;  for  we  know  that  a  plant 
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propagated  for  Bome  generations  in  another  garden  in 
the  same  district  serves  as  a  fresh  stock  and  has  high 
fertiiising  powers.  The  curious  cases  of  plants  which 
can  fertilise  and  be  fertilised  by  any  other  individual 
of  the  same  species,  but  are  altogether  sterile  with  their 
own  pollen,  become  intelligible,  if  the  view  here  pro- 
pounded ia  correct,  noniely,  that  the  individuals  of  the 
same  species  growing  in  a  state  of  nature  near  together, 
have  not  really  been  subjected  during  several  previous 

inerations  to  quite  the  same  conditions. 

Some  naturalists  assume  that  there  is  an  innate 
tendency  in  all  beings  to  vary  and  to  advance  in 
organisation,  independently  of  external  agencies ;  and 
they  would,  I  presume,  thus  explain  the  slight 
differences  which  distinguish  all  the  individuals  of  the 
same  species  both  in  external  characters  and  in  con- 
stitution, as  well  as  the  greater  differences  in  both 
respects    between   nearly   allied   varieties.      No   two 

idividuals  eaii  be  foun*!  quite  alike ;  thus  if  we  sow  a 
mmber  of  seeds  from  the  same  capsule  under  as  nearly 
possible  the  same  conditions,  they  germinate  at 
different  rates  and  grow  more  or  less  vigorously.  They 
resist  cold  and  other  unfavourable  conditions  differently. 
They  would  in  all  probability,  as  we  know  to  be  the 
case  with  animals  of  the  same  species,  be  somewhat 
differently  acted  on  by  the  same  poison,  or  by  the  same 
disease.  They  have  different  powers*  of  transmitting 
their  charactere  to  their  offspring ;  and  many  analogous 
facts  could  be  given.  Now,  if  it  were  true  that 
plants  growing  near  together  in  a  state  of  nature  had 
been  subjected  during  many  previous  generations  to 
absolutely  the  same  conditions.sueh  differences  a?  those 
just  specifi  d  would  be  quite  inexplicable ;  but  they 
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are  to  a  certain  extent  intelligible  in  accordance  with 
the  views  just  advanced. 

Aa  moat  of  the  plants  on  which  I  experimented 
were  grown  in  my  garden  or  in  pots  under  glass,  a  few 
words  must  be  added  on  the  conditions  to  which  they 
were  exposed,  as  well  as  on  the  effects  of  cultivation. 
When  a  species  is  first  brought  under  culture,  it  may 
or  may  not  be  subjected  to  a  change  of  climate,  but  it 
is  always  grown  in  ground  broken  up,  and  more  or  leas 
manured  ;  it  is  also  saved  from  competition  with  other 
plants.  The  paramount  importance  of  this  latter 
circumstance  is  proved  by  the  multitude  of  species 
which  flourish  and  multiply  in  a  garden,  but  cannot 
exist  unless  they  are  protected  from  other  plants. 
When  thus  saved  from  competition  they  are  able  to 
get  whatever  they  require  from  the  soil,  probably 
often  in  excess ;  and  they  are  thus  subjected  to  a  great 
change  of  conditions.  It  is  probably  in  chief  part 
owing  to  this  cause  that  all  plants  with  rare  excep- 
tions vary  after  being  cultivated  for  some  generations. 
The  individuals  which  have  already  begun  to  vary 
will  intercross  one  with  another  by  the  aid  of  insects ; 
and  this  accounts  for  the  extreme  diversity  of  character 
which  many  of  our  long  cultivated  plants  exhibit. 
But  it  should  be  observed  that  the  result  will  be 
largely  determined  by  the  degree  of  their  variability 
and  by  the  frequency  of  the  intercrosses  ;  for  if  a  plant 
varies  very  little,  like  most  species  in  a  state  of  nature, 
frequent  intercrosses  tend  to  give  uniformity  of 
character  to  it. 

I  have  attempted  to  show  that  with  plants  growing 
naturally  in  the  same  district,  except  in  the  unusual 
case  of  each  individual  being  surrounded  by  exactly 
the  same  proportional  numbers  of  other  species  having 
certain  powers  of  absorption,  each  will  be  subjected  to 
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slightly  different  conditiona.  This  does  uot  apply  to 
the  individuals  of  the  same  species  when  cultivated  in 
cleared  ground  in  the  same  garden.  But  if  their 
flowers  are  visited  by  insects,  they  will  intercross ;  and 
this  will  give  to  their  sexual  elements  during  a 
considerable  number  of  generations  a  sufiicient  amount 
of  differentiation  for  a  cross  to  be  beneficial.  More- 
over, seeds  are  frequently  exchanged  or  procured  from 
other  gardens  having  a  different  kind  of  soil ;  and  the 
individuals  of  the  same  cultivated  species  will  thus  he 
subjected  to  a  change  of  conditions.  If  the  flowers  are 
not  visited  by  oar  native  insects,  or  very  rarely  so, 
as  in  the  case  of  the  common  and  sweet  pea,  and 
apparently  in  that  of  the  tobacco  when  kept  in  a 
hothouse,  any  differentiation  in  the  sexual  elements 
caused  by  intercrosses  will  tend  to  disappear.  This 
appears  to  have  occurred  with  the  plants  just 
mentioned,  for  they  were  not  benefited  by  being 
crossed  one  with  another,  though  they  were  greatly 
benefited  by  a  cross  with  a  fresh  stock. 

I  have  been  led  to  the  views  just  advanced  with 
respect  to  the  causes  of  the  differentiation  of  the  sexual 
elements  and  of  the  variability  of  our  garden  plant-s, 
by  the  results  of  my  various  experiments,  and  more 
especially  by  the  four  cases  in  which  extremely  incon- 
stant species,  after  having  been  self-fertilised  and 
grown  under  closely  similar  conditions  for  several 
generations,  prodnced  flowers  of  a  uniform  and  constant 
tint.  These  conditions  were  nearly  the  same  as  those 
to  which  plants,  growing  in  a  garden  clear  of  weeds, 
are  subjected,  if  they  are  propagated  by  self-fertilised 
seeds  on  the  same  spot.  The  plants  in  pots  were, 
however,  exposed  to  less  severe  fluctuations  of  climate 
than  those  out  of  doors ;  but  their  conditions,  though 
closely  nniform  for  all   the   individuals  of  the   same 
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generation,  differed  somewhat  in  tlie  successive  gene- 
rationa.  Now,  under  these  circumatances,  the  aexuol 
elements  of  tho  plants  which  were  intercrossed  in  each 
generation  retained  sufficient  differentiation  during 
several  years  for  their  offspring  to  be  superior  to 
the  self-fertilised,  but  this  superiority  gradually  and 
mauifestly  decreased,  aa  was  shown  by  the  difference 
iu  the  result  between  a  cross  witli  one  of  the  inter- 
crossed plants  and  with  a  fresh  stock.  These  inter- 
crossed plants  tended  also  in  a  few  cases  to  become 
somewhat  more  uniform  in  some  of  their  external  cha- 
racters than  they  were  at  first.  With  respect  to  the 
plants  which  were  self-fertilised  in  each  generation, 
their  sexual  elements  apparently  lost,  after  some  years, 
all  differentiation,  for  a  cross  between  them  did  no 
more  good  than  a  cross  between  the  flowers  on  the 
same  plant.  But  it  is  a  still  mure  remarkable  fact,  that 
although  the  seedlings  of  Mimulus,  Ipomcea,  Dianthus, 
and  Petunia  which  were  first  raised,  varied  excessively  in 
the  colour  of  their  flowers,  their  offspring,  after  being 
self-fertilised  and  grown  under  uniform  conditions  for 
some  generations,  bore  flowers  almost  as  uniform  in 
tint  as  those  on  a  natural  species.  In  one  case  also 
the  plants  themselves  became  remarkably  uniform  in 
height. 

The  conclusion  that  the  advantages  of  a  cross 
depend  altogether  on  the  differentiation  of  the  sexual 
elements,  harmonises  perfectly  with  the  fact  that  on 
occasional  and  slight  change  in  the  conditions  of  life 
is  beneficial  to  all  plants  and  animals.*  But  the 
offspring  from  a  cross  between  organisms  which  have 
been  exposed  to  different  conditions,  profit  in  an  in- 
comparably higher  degree  than  do  yiumg  or  old  beings 

!  have  given  Hafflcieat  cvi-      atinn   uiidi^r   DoniPBtiuHtiuri,'  eh. 
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f  from  a  mere  change  in  tlioir  conditions.  In  thia 
I  latter  case  we  never  see  anything  like  tiie  effect 
which  generally  follows  from  a  cross  with  another 
individual,  especially  from  a  cross  with  a  fresh  stock. 
This  might,  perhaps,  have  been  expected,  for  the 
blending  together  of  the  sesual  elements  of  two  dif- 
ferentiated beings  will  affect  the  whole  constitution  at 
a  very  early  period  of  life,  whilst  the  organisation  ia 
highly  flexible.  We  have,  moreover,  reason  to  believe 
titat  changed  conditiona  generally  act  differently  on 
the  several  parts  or  organs  of  the  same  individual ;" 
and  if  we  may  further  believe  that  these  now  slightly 
differentiated  parts  react  on  one  another,  the  harmony 
between  the  beneficial  effects  on  the  individual  due  to 
changed  conditions,  and  those  due  to  the  interaction  of 
iUfferentiated  sexual  elements,  becomes  still  closer. 
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That  wonderfully  accurate  observer,  Sprengel,  who 
first  showed  how  important  a  part  insects  play  in  the 
fertilisation  of  flowers,  called  his  book  '  The  Secret 
of  Nature  Displayed;'  yet  he  only  occasionally  saw 
that  the  object  for  which  so  many  curious  and  beautiful 
adaptations  have  been  acquired,  was  the  cross-fertilisa- 
tion of  distinct  plants ;  and  be  knew  nothing  of  the 
which  the  offspring  thus  receive  in  growth, 
igour,  and  fertility.  But  the  veil  of  secrecy  is  as 
^et  far  from  lifted ;  nor  will  it  be,  until  we  can  say 
why  it  ia  beneficial  that  the  sexual  elements  should 
be  differentiated  to  a  certain  extent,  and  why,  if  the 
differentiation  be  carried  still  further,  injury  follows, 
It.  ia  an  extraordinary  fact  that  with  many  species, 
flowers  fertilised  with  their  own  pollen  are  either 
absolutely  or  in  some  degree  sterile ;  if  fertilised  with 
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pollen  from  another  flower  on  the  same  plant,  they  are 
sometimes,  though  rarely,  a  little  more  fertile;  if 
fertilised  with  pollen  from  another  individual  or  variety 
of  the  same  species,  they  are  fully  fertile ;  but  if 
with  poUen  from  a  distinct  species,  they  are  sterile 
in  all  possible  degrees,  until  utter  sterility  is  reached. 
We  thus  have  a  long  series  with  absolute  sterility  at 
the  two  ends ; — at  one  end  due  to  the  sexual  elements 
not  having  been  sufficiently  differentiated,  and  at  the 
other  end  to  their  having  been  differentiated  in  too 
great  a  degree,  or  in  some  peculiar  manner. 

The  fertilisation  of  one  of  the  higher  plants  depends, 
in  the  first  place,  on  the  mutual  action  of  the  pollen- 
grains  and  the  stigmatic  secretion  or  tissues,  and  after- 
wards on  the  mutual  action  of  the  contents  of  the 
pollen- grains  and  ovules.  Both  actions,  judging  from 
the  increased  fertility  of  the  parent-plants  and  from  the 
increased  powers  of  growth  in  the  offspring,  are  favoured 
by  some  degree  of  differentiation  in  the  elements 
which  interact  and  unite  so  as  to  form  a  new  being. 
Here  we  have  some  analogy  with  chemical  affinity  or 
attraction,  which  comes  into  play  only  between  atoms 
or  molecules  of  a  different  nature.  As  Prof.  Miller 
remarks:  "Generally  speaking,  the  greater  the  dif- 
ference in  the  properties  of  two  bodies,  the  more  intense 
is  their  tendency  to  mutual  chemical  action.  .  .  .  But 
between  bodies  of  a  similar  character  the  tendency  to 
unite  is  feeble."*  This  latter  proposition  accords  well 
with  the  feeble  effects  of  a  plant's  own  pollen  on  the 
fertility  of  the  mother-plant  and  on  the  growth  of  the 
offspring  ;  and  the  former  proposition  accords  well  with 
the  powerful  influence  in  both  ways  of  pollen  from  an 

*  *  Elements  of  Chemistry/  4th  views  with  respect  to  chemical 
edit.  1867,  part  i.  p.  11.  Dr.  affinity  are  generaUy  accepted  by 
Frunklaud  iulbrms  me  that  similar       chemists. 
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individual  which  hM,s  been  differentiated  by  exposure 
to  phauged  conditions,  or  by  so-called  spontaneous 
variation.  But  the  analogy  fails  when  we  turn  to  the 
negative  or  weak  effects  of  pollen  from  one  species  on 
a  distinct  species  ;  for  although  some  substances  which 
are  extremely  dissimilar,  for  instance,  carbon  and 
chlorine,  have  a  very  t'eoble  affinity  for  each  other, 
yet  it  cannot  be  said  that  the  weakness  of  the  affinity 
depends  in  such  cases  on  the  extent  to  which  the 
substances  differ.  It  is  not  known  why  a  certain 
amount  of  differentiation  is  necessary  or  favourable 
for  the  chemical  affinity  or  union  of  two  substances, 
any  more  tlian  for  the  fertilisation  or  union  of  two 
organisms. 

Mr.  Herbert  Spencer  has  discussed  this  whole  subject 
at  great  length,  and  after  stating  that  all  the  forces 
throughout  nature  tend  towards  an  equilibrium, 
remarks,  "  that  the  need  of  this  union  of  aperm- 
cell  and  germ-cell  is  the  need  for  overthrowing  this 
equilibrium  and  re-establishing  active  molecular 
change  in  the  detached  germ — a  result  which  is 
probably  efl'ected  by  mixing  the  slightly-different 
physiological  units  of  slightly -different  individuals."* 
But  we  must  not  allow  this  highly  generalised  view,  or 
the  analogy  of  chemical  affinity,  to  conceal  from  us 
our  ignorance.  We  do  nut  know  what  is  the  nature  or 
degree  of  the  differentiation  in  the  sexual  elements 
which  is  favourable  for  union,  and  what  is  injurious  for 
union,  as  in  the  case  of  distinct  species.     We  cannot 
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Bay  why  tlie  individuals  of  certain  species  profit  greatly, 
and  others  very  little  by  being  croaaed.  There  are  some 
few  species  which  have  been  self-fertilised  for  a  vast 
umuber  of  generatiooa,  aud  yet  aie  vigorous  enough 
to  compete  successfully  with  a  host  of  surrounding 
plants.  Higlily  self-fertile  varieties  sometimes  arise 
umoug  plants  which  have  been  sell-fertiliaed  and 
grown  under  uniform  conditions  during  several  gene- 
rations. We  can  form  no  conception  why  the 
advantage  from  a  cross  is  sometimes  directed  exclu- 
sively to  the  vegetative  system,  and  8i>metimeB  to  the 
reproductive  system,  but  commonly  to  both.  It  is 
equally  inconceivable  why  some  individuals  of  the  same 
species  should  be  sterile,  whilst  others  are  fully  fertile 
with  their  own  pollen ;  why  a  change  of  climate  should 
either  lesson  or  increase  the  sterility  of  self-sterile 
species ;  and  why  the  individuals  of  some  species  should 
be  even  more  fertile  with  pollen  from  a  distinct  species 
than  with  their  own  pollen.  And  so  it  is  with  many 
other  facts,  which  are  so  obscure  that  we  stand 
in  awe  before  the  mystery  of  life. 

Under  a  practical  point  of  view,  agriculturists  and 
horticulturists  may  learn  something  from  the  concln- 
sioua  at  which  we  have  arrived.  Firstly,  we  see  that 
the  injury  from  the  close  breeding  of  animals  and 
from  the  self- fertilisation  of  plants,  does  not  neceaaarily 
depend  on  any  tendency  to  diseaae  or  weakness  of  con- 
stitution common  to  the  related  parents,  and  only 
indirectly  on  their  relationship,  in  so  far  as  they  are 
apt  to  resemble  each  other  in  all  respe«ts,  including 
their  sexual  nature.  And,  secondly,  that  the  advantages 
of  cross-fertilisation  de()end  on  the  sexual  elements  of 
the  parents  having  become  in  some  degree  differentiated 
by   the   exposure   of    their   progenitors    to    different 
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conditions,  or  from  their  liaving  intercrossed  with 
individuals  thus  exposed,  or,  lastly,  from  what  we  call 
in  otu  ignorance  spontaneous  variation.  He  therefore 
who  wiahfs  to  pair  closely  related  animals  ought  to 
keep  them  under  conditiona  as  different  as  possible. 
Some  few  breeders,  guided  by  their  keen  powers  of 
observation,  have  acted  on  this  principle,  and  have  kept 
stocks  of  the  same  animals  at  two  or  more  distant  and 
diiferently  situated  farms.  They  have  then  coupled 
the  in<lividual3  from  these  farms  with  excellent  results.* 
This  same  plan  is  also  unconsciously  followed  whunever 
the  males,  reared  in  one  place,  are  let  out  for  propaga- 
tion to  breeders  in  other  places.  As  some  kinds  of 
plants  suffer  much  more  from  self-fertilisation  than  do 
others,  so  it  probably  ia  with  animals  from  too  close 
interbreeding.  The  effects  of  close  interbreeding  on 
animals,  judging  again  from  plants,  would  be  dete- 
rioration in  general  vigour,  including  fertility,  with  no 
necessary  loss  of  excellence  of  form ;  and  this  seems 
to  be  the  usual  result. 

It  is  a  common  practice  with  horticulturists  to 
obtain  seeds  from  another  place  having  a  very  dif- 
ferent soil,  so  as  to  avoid  raising  plants  for  a  long 
snceession  of  generations  under  the  same  conditiona  ; 
but  with  all  the  species  which  freely  intercross  by  the 
aid  of  insects  or  the  wind,  it  would  be  an  incomparably 
better  plan  to  obtain  seeds  of  the  required  variety, 
which  had  been  raised  for  some  generations  under  as 
different  conditions  as  possible,  and  sow  them  in 
alternate  rows  with  seeds  matured  in  the  old  garden. 
The  two  stocks  would  then  intercross,  with  a  thorough 
blending  of  their  whole  organisations,  and  with  no  loss 
of  purity  to  the  variety ;  and  this  would  yield  far  more 
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faTourable  results  than  a  mere  exchange  of  seeds.  We 
have  seen  in  my  experiments  how  wonderfully  the 
oflFspring  profited  in  height,  weight,  hardiness,  and  fer- 
tility, by  crosses  of  this  kind.  For  instance,  plants  of 
Ipomcea  thus  crossed  were  to  the  intercrossed  plants 
of  the  same  stock,  with  which  they  grew  in  competition, 
aa  100  to  78  in  height,  and  as  100  to  51  in  fertility ; 
and  plants  of  Eachscholtzia  similarly  compared  were 
lis  100  to  45  in  fertility.  In  comparison  with  self- 
fertilised  plants  the  results  are  still  more  striking; 
thus  cabbages  derived  from  a  cross  with  a  fresh  stock 
were  to  the  self-fertilised  as  100  to  22  in  weight. 

Florists  may  learn  from  the  lour  cases  which  have 
been  fully  described,  that  they  have  the  power  of  fixing 
each  fleeting  variety  of  colour,  if  they  will  fertilise  the 
flowers  of  the  Jesired  kind  with  their  own  pollen  for 
half-a-dozen  generations,  and  grow  the  seedlings  under 
the  same  conditions.  But  a  cross  with  any  other  in- 
dividual of  the  same  variety  must  be  carefully  pre- 
vented, as  each  has  its  own  peculiar  constitution.  After 
a  dozen  generations  of  self-fertilisation,  it  is  probable 
that  the  new  variety  would  remain  constant  even  if 
grown  under  somewhat  different  conditions ;  and  there 
would  no  longer  he  any  necessity  to  guard  against  inter- 
crosses between  the  individuals  of  the  same  variety. 

With  respect  to  mankind,  my  son  George  has  en- 
deavoured to  discover  by  a  statistical  investigation" 
whether  the  marriages  of  first  cousins  are  at  all  in- 
jurious, although  this  is  a  degree  of  relationship 
which  would  not  be  objected  to  in  ijur  domestic 
animals ;  and  he  has  come  to  the  conclusion  from  his 
own  researches  and  those  of  Dr.  Mitchell  that  the 
evidence  as  to  any  evil  thus  caused  is  conflicting,  but 
nightly  Ruvievr,'  June  187S. 
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on  the  whole  points  to  its  being  very  small.  Trom  the 
tacts  given  in  this  volume  we  may  infer  that  with 
mankind  the  marriages  of  nearly  related  persons,  some 
of  whose  parents  and  ancestors  had  lived  under  very 
different  conditions,  would  be  much  less  injurious  than 
that  of  persona  who  had  always  lived  in  the  same 
place  and  followed  the  same  habits  of  life.  Nor  can  I 
see  reason  to  doubt  that  the  widely  different  habits  of 
life  of  men  and  women  in  civilised  nations,  especially 
amongst  the  upper  classes,  would  tend  to  connter- 
balanee  any  evil  from  marriages  between  healthy  and 
somewhat  closely  related  persons. 

Under  a  theoretical  point  of  view  it  is  some  gain  to 
science  to  know  that  numberless  structures  in  her- 
maphrodite plants,  and  probably  in-  hermaphrodite 
animals,  are  special  adaptations  for  securing  an  occa- 
sional cross  between  two  individuals;  and  that  the 
advantages  from  such  a  cross  depend  altogether  on  the 
beings  which  are  united,  or  their  progenitors,  having 
had  their  sexual  elements  somewhat  difi'erentiated,  ao 
that  the  embyro  is  benefited  in  the  same  manner  as  is 
a  mature  plant  or  animal  by  a  alight  change  in  its 
conditions  of  life,  although  in  a  much  higher  degree. 

Another  and  more  important  resiilt  may  be  deduced 
from  my  observations.  Eggs  and  seeds  are  highly 
serviceable  as  a  means  of  dissemination,  but  we  now 
know  that  fertile  eggs  can  be  produced  without  the 
aid  of  the  male.  There  are  also  many  other  methods 
by  which  organisms  can  be  propagated  asexually. 
Why  then  have  the  two  sexes  been  developed,  and 
why  do  males  exist  which  cannot  themselves  produce 
offspring  ?  The  answer  lies,  as  I  can  hardly  doubt,  in 
the  great  good  which  is  derived  from  the  fusion  of  two 
Bomewhat   differentiated    individuals ;    and   with  the 
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exception  of  the  lowest  oTganisms  thia  ia  possible  only 
by  meana  of  tlie  sexual  elements,  these  consisting;  of 
cells  stsparated  from  the  body,  containing  the  germs  of 
every  part,  and  capable  of  being  fnaed  completely 
together. 

It  has  been  shown  in  the  present  volume  that  the 
offspring  from  the  union  of  two  distinct  individuala, 
especially  if  their  progenitors  have  been  subjected  to 
very  different  conditions,  have  an  immense  advantage 
in  height,  weight,  coustitutional  vigour  and  fertility 
over  the  self- fertilised  offspring  from  one  of  the  same 
parenta.  And  this  fact  is  amply  sufficient  to  account 
for  the  development  of  the  sexual  elements,  that  is,  for 
the  genesis  of  the  two  sexes. 

It  ia  a  different  question  why  the  two  sexes  are 
sometimes  combined  in  the  same  individual  and  are 
Bometimea  separated.  As  with  many  of  the  lowest 
plants  and  animals  the  conjugation  of  two  individuals 
which  are  either  qidte  similar  or  in  some  degree  dif- 
ferent, is  a  common  phenomenon,  it  seems  probable. 
OS  remarked  in  the  last  chapter,  that  the  sexes  were 
primordially  separate.  The  individual  which  receives 
the  contents  of  the  other,  may  be  called  the  female; 
and  the  other,  which  is  often  smaller  and  more  loco- 
motive, may  be  called  the  male ;  though  these  sexual 
names  ought  harflly  to  be  applied  as  long  as  the 
whole  contents  of  the  two  forma  are  blended  into  one. 
The  object  gained  by  the  two  sexes  becoming  imited 
in  the  same  hermaphrodite  form  probably  is  to  allow 
of  occasional  or  frequent  self-fertilisation,  so  aa  to 
ensure  the  propagation  of  the  species,  more  especially 
in  the  case  of  organisms  affixed  for  life  to  the  same 
spot.  There  does  not  seem  to  be  any  great  difficulty 
in  understanding  how  an  organism,  formed  by  the  con- 
jugation of  two  individuals  which  represented  the  two 
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incipient  sexes,  miglit  have  given  rise  by  Ludding  first 
to  a,  monceeiouB  and  then  to  an  hei'ni aphrodite  form ; 
and  in  the  case  of  animals  even  without  budding  to 
an  hermaphrodite  form,  for  the  bilateral  structure  of 
animals  perhaps  indicates  that  they  were  aboriginally 
formed  by  the  fusion  of  two  individuals. 

It  is  a  more  diificult  problem  why  some  plants  and 
apparently  all  the  higher  animals,  tifter  becoming  her- 
maphrodites, have  since  had  their  sexes  re-separated. 
This  separation  has  been  attributed  by  some  natural- 
istM  to  the  atlvantages  which  follow  from  a  division  of 
physiological  labour.  The  principle  is  intelligible 
when  the  same  organ  has  to  perform  at  the  same  time 
diverse  functions  ;  but  it  is  not  obvious  why  the  male 
and  female  glands  when  placed  in  different  parts  of 
the  same  compound  or  simple  individual,  should  not 
perform  their  functions  equally  well  as  when  placed  in 
two  distinct  individuals.  In  some  instances  the  sexes 
may  have  been  re-separated  for  the  sake  of  preventing 
too  frequent  self-fertilisation ;  but  this  explanation 
does  not  seem  probable,  as  the  same  end  might  have 
been  gained  by  other  and  simpler  means,  for  instance 
dichogamy.  It  may  be  that  the  production  of  the 
male  and  female  reproductive  elements  and  tho 
maturation  of  the  ovules  was  too  great  a  strain  and 
expenditure  of  vital  force  for  a  single  indiWdual  to 
withstand,  if  endowed  with  a  highly  complex  organi- 
sation ;  and  that  at  the  same  time  there  was  no  need 
for  all  the  individuals  to  produce  young,  and  conse- 
quently that  no  injury,  on  the  contrary,  good  resulted 
from  half  of  them,  or  the  males,  faiUng  to  produce 
offspring.  _ 

There  is  another  subject  on  which  some  light  is 
thrown  by  the  facts  given  in  this  volume,  namely, 
hybridisation.     It    is    notorious    that  when    distinct 
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species  of  plants  are  crossed,  they  produce  with  the 
rarest  exceptions  fewer  seeds  than  the  normal  number. 
This  unproductiveness  varies  in  different  species  up  to 
sterility  so  complete  that  not  even  an  empty  capsule 
is  formed ;  and  all  experimentalists  have  found  that 
it  is  much  influenced  by  the  conditions  to  which  the 
crossed  species  are  subjected.  The  pollen  of  each 
species  is  strongly  prepotent  over  that  of  any  other 
species,  so  that  if  a  plant's  own  pollen  is  placed  on 
the  stigma  some  time  after  foreign  pollen  has  been 
applied  to  it,  any  effect  from  the  latter  is  quite  obli- 
terated. It  is  also  notorious  that  not  only  the  parent 
species,  but  the  hybrids  raised  from  them  are  more  or 
less  sterile ;  and  that  their  pollen  is  often  in  a  more 
or  less  aborted  condition.  The  degree  of  sterility  of 
various  hybrids  does  not  always  strictly  correspond 
with  the  degree  of  difficulty  in  uniting  the  parent 
forms.  When  hybrids  are  capable  of  breeding  irUer  se, 
their  descendants  are  more  or  less  sterile,  and  they 
often  become  still  more  sterile  in  the  later  generations ; 
but  then  close  interbreeding  has  hitherto  been  practised 
in  all  such  cases.  The  more  sterile  hybrids  are  some- 
times much  dwarfed  in  stature,  and  have  a  feeble  con- 
stitution. Other  facts  could  be  given,  but  these  will 
suffice  for  us.  Naturalists  formerly  attributed  all  these 
results  to  the  difference  between  species  being  funda- 
mentally distinct  from  that  between  the  varieties  of 
the  same  species ;  and  this  is  still  the  verdict  of  some 
naturalists. 

The  results  of  my  experiments  in  self-fertilising  and 
cross-fertilising  the  individuals  or  the  varieties  of  the 
same  species,  are  strikingly  analogous  with  those  just 
given,  though  in  a  reversed  manner.  With  the  majority 
of  species  flowers  fertilised  with  their  own  pollen  yield 
fewer,  sometimes  much  fewer  seeds,  than  those  ferti- 
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Ijsed  with  pollen  from  another  individual  or  variety. 
Some  self-fei'tilined  flowers  are  absolutely  sterile ;  but 
the  degree  of  theii'  sterility  is  largely  determined  by 
the  conditions  to  which  the  parent  plants  have  been 
exposed,  as  was  well  exemplified  in  the  case  of  Each- 
Bcholtzia  and  Abutilon.  The  efTecta  of  pollen  fi'om  thu 
same  plant  are  obliterated  by  the  prepotent  influence 
of  pollen  from  another  individual  or  variety,  although 
the  latter  may  have  been  placed  on  the  stigma  some 
hours  afterwards.  The  offspring  from  self-fertilised 
flowers  are  themselves  more  or  less  sterile,  sometimes 
highly  sterile,  and  their  pollen  is  sometimes  in  an 
imperfect  condition ;  but  I  have  not  met  with  any  case 
of  complete  sterility  in  self-fertilised  seedlings,  as  is 
so  common  with  hybrids.  The  degree  of  their  sterility 
does  not  correspond  with  that  of  the  parent-plants  when 
first  self-fertilised.  The  offspring  of  aelf-fertiliaed 
plants  suffer  in  stature,  weight,  aud  constitutional 
vigour  more  frequently  and  in  a  greater  degree  than 
do  the  hybrid  offspring  of  the  greater  number  of 
crossed  species.  Decreased  height  is  transmitted  to 
the  next  generation,  but  I  did  not  ascertain  whether 
this  applies  to  decreased  fertility, 

I  have  elsewhere  shown  *  that  by  uniting  in  various 
ways  dimorphic  or  trimorphic  heterostyled  plants, 
vbtch  belong  to  the  same  undoubted  species,  we  get 
another  series  of  results  exactly  parallel  with  those 
from  crossing  distinct  species.  Plants  illegitimately 
fertilised  with  pollen  from  a  distinct  plant  belonging 
to  the  same  form,  yield  fewer,  often  much  fewer  seeds, 
than  they  do  when  legitimately  fertilised  with  pollen 
from  a  plant  belonging  to  a  distinct  form.  They  some- 
times yield  no  seed,  not  oven  an  empty  capsule,  like 
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a  species  fertilised  with  pollen  from  a  distinct  genus. 
The  degree  of  sterility  is  muoh  affected  by  the  coiidi- 
tions  to  which  the  plants  have  been  subjected.*  The 
pollen  from  a  distinct  form  is  strongly  prepotent  over 
that  from  the  same  form,  although  the  former  may 
have  been  placed  on  the  stigma  many  hours  afterwards. 
The  offspring  from  a  union  between  plants  of  the  same 
form  are  more  or  less  sterile,  like  hybrids,  and  have 
their  pollen  in  a  more  or  less  aborted  condition  ;  and 
some  of  the  seedlings  are  as  barren  and  as  dwarfed  as 
the  most  barren  hybrid.  They  also  resemble  hybrids  in 
several  other  respects,  which  need  not  here  be  specified 
in  detail,- — such  as  their  sterility  not  corresponding 
in  degree  with  that  of  the  parent  plants, — the  unequal 
sterility  of  the  latter,  when  reciprocally  united, — 
and  the  varying  sterility  of  the  seedlings  raised  from 
the  same  seed-capsule. 

We  thus  have  two  grand  classes  of  cases  giving  results 
which  correspond  in  the  most  striking  manner  with 
those  which  follow  from  the  crossing  of  so-called  true 
and  distinct  species.  With  respect  to  the  difference 
between  seedlings  raised  from  cross  and  self  fertilised 
flowers,  there  is  good  evidence  that  this  depends  alto- 
gether on  whether  the  sexual  elements  of  the  parents 
have  been  snfBciently  differentiated,  by  exposure  to 
different  condition  or  by  spontaneotis  variation.  It 
is  probable  that  nearly  the  same  concltision  may  bo 
extended  to  heterostyled  plants ;  but  this  is  not  the 
proper  place  for  discussing  the  origin  of  the  long- 
styled,  <ihurt-stylcd  and  mid-styJed  forms,  which  all 
belong  to  the  same  species  as  certainly  as  do  the  two 
seses  of  the  same  species.  We  have  therefore  no  right 
to  maintain   that   the   sterility  of  species  when  first 
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ciossed  and  of  their  hybrid  offspring,  is  determined  by 
some  caiiise  fundamentally  different  from  that  which 
determines  the  sterility  of  the  individuals  both  of 
ordinary  and  of  heterostyled  plants  when  united  in 
various  ways.  Nevertheless,  I  am  aware  that  it  will 
take  many  years  to  remove  this  prejudice. 

There  is  hardly  anything  more  wonderful  in  nature 
than  the  sensitiveness  of  the  sexual  elen^ents  to  external 
influences,  and  the  delicacy  of  their  affinities.  We  see 
this  in  slight  changes  in  the  conditions  of  life  being 
favourable  to  the  fertility  and  vigour  of  the  parents, 
while  certain  other  and  not  great  changes  cause  them 
to  be  quite  sterile  without  any  apparent  injury  to  their 
health.  We  see  how  sensitive  the  sexual  elements  of 
those  plants  must  be,  which  are  completely  sterile  with 
their  own  pollen,  but  are  fertile  with  that  of  any  other 
individual  of  the  same  species.  Such  plants  become 
either  more  or  less  self-sterile  if  subjected  to  changed 
conditions,  although  the  change  may  be  far  from  great. 
The  ovules  of  a  heterostyled  trimorphic  plant  are 
affected  very  differently  by  pollen  from  the  three  sets 
of  stamens  belonging  to  the  same  species.  With 
ordinary  plants  the  pollen  of  another  variety  or  merely 
of  another  individual  of  the  same  variety  is  often  strongly 
prepotent  over  its  own  pollen,  when  both  are  placed 
at  the  same  time  on  the  same  stigma.  In  those  great 
families  of  plants  containing  many  thousand  ollit'd 
species,  the  stigma  of  each  distinguishes  with  unerr- 
ing certainty  its  own  pollen  from  that  of  every 
other  species. 

There  can  be  no  doubt  that  the  sterility  of  dis- 
tinct species  when  first  crossed,  and  of  their  hybrid 
offspring,  depends  exclusively  on  the  nature  or  afB- 
nities  of  their  sexual  elements.  We  see  this  in  the 
want  of  any  close  correspondetice  between  the  degree 


GENERAL   BESHLTB.  ^BAl:  XU. 

of  Bterility  and  tlie  amount  of  external  difference  in  the 
epecies  which  are  crossed ;  and  still  more  clearly  in  the 
wide  differeneo  in  the  rasults  of  crossing  reciprocally 
ihti  same  two  species ; — that  is,  when  species  A  ia 
crusaed  with  pollen  from  B,  and  then  B  is  crossed  with 
piilleu  from  A.  Bearing  in  mind  what  has  just  been 
said  un  the  extreme  sensitiveness  and  delicate  affinities 
of  the  reproductive  system,  why  should  we  feel  any 
surprise  at  the  sexnal  elements  of  those  forms,  which 
we  call  sirecies,  having  been  differentiated  in  such  a 
manner  that  they  are  incapable  or  only  feebly  capable 
tjf  acting  on  one  another  ?  \fe  know  that  species  have 
generally  lived  imder  the  same  conditions,  and  have 
retained  their  own  proper  characters,  for  a  much  longer 
period  than  varieties.  Long-continued  domestication 
eliminates,  as  I  have  shown  in  ray  'Variation  nnder 
Domestication,'  the  mutual  sterility  which  distinct 
species  lately  taken  from  a  state  of  nature  almost  always 
exhibit  when  intercrossed;  and  we  can  thus  understand 
the  fact  that  the  most  different  domestic  races  of  animals 
are  not  mutually  sterile.  But  whether  this  holds  good 
with  cultivated  varieties  of  plants  is  not  known,  though 
some  facta  indicate  that  it  does.  The  elimination  of 
sterility  through  long-continued  domestication  may 
probably  be  attributed  to  the  varying  conditions  to 
which  our  domestic  animals  have  been  subjected ;  and 
no  doubt  it  is  owing  to  this  same  cause  that  they  with- 
stand great  and  sudden  changes  in  their  conditions  of 
life  with  far  less  loss  of  fertility  than  do  natural  species. 
From  these  several  considerations  it  appears  probable 
that  the  difference  in  the  affinities  of  the  sexual 
elements  of  distinct  species,  on  which  their  mutual 
incapacity  for  breeding  together  depends,  is  caused  by 
their  having  been  habituated  for  a  very  long  period 
,  each  to  its  own  conditions,  and  to  the  sexual  elements 
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having  thus  acquired  firmly  fixed  affinities.  However 
this  may  be,  with  the  two  great  classes  of  cases  before 
us,  namely,  those  relating  to  the  self-fertilisation  and 
cross-fertilisation  of  the  individuals  of  the  same  species, 
and  those  relating  to  the  illegitimate  and  legitimate 
unions  of  heterostyled  plant|^  it  is  quite  unjustifiable  to 
assume  that  the  sterility  of  species  when  first  crossed 
and  of  their  hybrid  offspring,  indicates  that  they 
differ  in  some  fundamental  manner  from  the  varieties 
or  individuals  of  the  same  species. 
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vision  and  diaMimirmtion,  42!i; 
memory,  423;  unaltiaeted  by 
odiiDP  of  oiTlain  flowers,  423; 
iodastry,  424;   proHt  by  the  a^ 


Bailey,  Mr.,  perforation  of  oorolJs, 


,  liumhle.  teoiignise  Tarieties 
I  aa  of  one  gpwjiea,  4111 ;  ooloni 
I  not  ths  solo  guide,  421 ;  rate  of 
I  flying,  424  ;  number  of  flowws 
I  visited.  425;  corolla  perforated 
by,  4ari.  433:  nklll  and  judgment. 

Belt.  Mr.,  tlie  hairs  of  DigitaUf 
purparea,  82 ;  PHai^lut  muKi- 
fiona,  151 ;  not  visited  by  beea 
in  Niiaragua,  3I>0 ;  humuiing- 
birds  carrying  pollen,  371 ;  sa- 
cretiori  of  nectar,  408 ;  in  Acacia 
nil"fraeephalin  iind  paaaion- 
flowor,  404 ;  perforation  ot  eorolla, 
430. 

Bennett,  A.  W.,  on  Viola  trioaior. 
123;  atravtoTB otrnipatimi/idva, 
3fi7;  plant*  flowering  in  wintai, 
384 ;  bees  froquenting  flowsn  of 
some  Epeoiia,  4  If 


172 


Bentham,  on  protection  of  the 
stigma  in  Synafhea,  412 

Beta  vulgarU,  228 ;  measurementB, 
229,  280;  crossed  not  exceeded 
.by  self-fertilised,  289,  867;  pre- 
potency of  other  pollen,  ^7 

Bignouia,  868 

Biras,  means  of  fertilisation,  871 

Blackley,  Mr.,  on  anthers  of  rye, 
876 ;  pollen  carried  by  wind,  ex- 
periments with  a  kite,  406 

BoragifutiOex,  185 

BoTogo  offieinaliB,  185,  276;  mea- 
surements, 186;  early  flowering 
of  crossed,  298 ;  seeds,  823 ;  par- 
tiaUy  self-sterile,  862 

Brackemidge,  Mr.,  organism  of  ani- 
mals affectcid  by  temperature  and 
food,  446;  different  effect  of 
changed  conditions,  455 

Braanca  dleraeea^  98;  measure- 
ments, 100;  weight,  101,  102; 
remarks  on  experiments,  262; 
superiority  of  crossed,  288 :  period 
of  flowering,  292;  seeds,  822; 
self-fertae,  865 

noptM,  398 

rapa,  393 

Brisout,  M.,  insects  frequenting 
flowers  of  same  species,  419 

Broora,  163 

Brugmansia,  871;  humming-birds 
boring  the  flower,  432 

Bulrush,  weight  of  pollen  produced 
by  one  plant,  405 

Bundy,  Mr.,  Bibea  perforated  by 
bees  432 

Btttschli,  O.,  sexual  relationa,  409 


a 

Cabbage,  98 ;  affected  by  pollen  of 
purple  bastard,  878:  prepotency 
of  other  pollen,  393,  397 

,  Ragged  Jack,  895 

Calceolaria,  87,  369 

Calluna  mUgariSi  421 

Chmpanula  earpathieaf  174,  364 

OampanuUusemf  174 

Gandolle,   A.  de^  on  ascending  a 


OOBTDAUS. 

mountain  the  flowers  of  the  same 
species  disappear  abruptly,  889 

Oanna  wancetoiczi,  230;  result  of 
crossed  and  self-fertilised,  278; 
period  of  flowering,  294;  se^s, 
823,  325 ;  highly  self-fertile,  869 

Cannaeex,  230 

Carduus  arctioideSt  402 

Carnation,  132 

Carri^re,  relative  period  of  the  ma- 
turity of  the  sexual  elements  on 
same  flower,  441 

Caryophyllaeexy  130 

Caspary,  Professor,  on  CorydaUi 
eava,  331;  Nymphxaeea,  858; 
Euryale  feroxj  365 

Cecropia,  food-bodies  of,  404 

CenJtradenia  floribunda^  364 

Cereals,  grains  o^  354 

Cheeseman,  Mr.,  on  Orchids  in  New 
Zealand,  390 

ChenopodieuseaBf  228 

Cineraria,  335 

ClarHa  elegans,  1 69 ;  measurements, 
170;  early  ^flowering  of  self-fe]> 
tilised,  294,  29d ;  se^  816 

Cleistogene  flowers,  90 

Coe,  Mr.,  cresting  PJuueolus  vul- 
oam,  153 

Colgate,  B.,  red  cloyer  never  sucked 
by  hive-bees  in  New  Zealand, 
861 

Colour,  uniform,  of  flowers  on  plants 
self  fertilised  and  grown  under 
similar  conditions  for  several  gene- 
rations, 306,  307 

Colours  of  flowers  attractive  to  in- 
sects, 872 ;  not  the  sole  guide  to 
bees,  421 

Compoaitasy  178 

Coniferx,  401 

Convolmdus  major ,  28 

tricolor,  55 

Corolla,  removal  of,  420;  perfinatioB 
by  bees,  425 

CoroniUa,  405 

Corydalis  cava,  381,  858 

haUen,  331 

—  intermedia^  881 

lutea,  359 

oehrolettoti,  859 
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OOBTDAUa. 

n™. 

Oan/didU  «,lida,  358 

CoryliU  a^diana,  390 

Cuwalip,  219 

tiallj    Bletils,    35S;    coiolla    lo- 

Orfnam,  395 

moved,  420 

CroBsed    pliiiits,    grealei    oonatitu- 

Delpino.  ProfesBor,   Viela  tricolor. 

tional  Tieonr  of,  285 

123;  Phiaeoltu  multijlona,  150; 

tion. 

Lobdia   ramom,    176;    Blrauture 

Orosains   flowers   on    same  plant, 

of  tliB  Cannaceai,  230 ;  wind  and 

pffeotfl  of,  297 

water     carrying     pollen,     371; 

Crtfci/er*,  98 

Juglatu    regia,  390;   anemopbi- 

Criiger,    Dr.,    secretion    of   sweet 

louB  plants,  400;   fertilisation  of 

FlaTUayo,     401 ;     exciution     of 

Cuphea  purpurea,  323,  362 

nectar.   402,   405;     Bccretion  of 

Cycadi^,  401 

nectar  to  defend  the  plan^  403, 

menta,  216;   early  flowering  of 

philon^    plants,    408;     dimciouB 

oroBBed,   293:    seedN,  BIT.   323; 

planta,  414 

Dtnny,  Pelargonium  amaU,  142 

remmdam,  215 

Disgram  ahowine  mean  height  of 

DianthM  caTyophyUug.  132 ;  crossed 

and  Belf-fertiliaed,  133-136  ;  niea- 

D, 

anrementB,    135-13S;  croaa  with 

freeb  stock.  136 ;  weight  of  seed. 

139;  colour  of  flowera,  139;   re- 

376 

raaikB  on  eiperimenta,  263,  274  ; 

Darwin,     0,.     eelf-fertiii^ation      in 

early  flowering  of  crossed,  292 ; 

Pimmmtivum.  iei;aBinalnfIini- 

nnifbim   coluui  of  self-fertilised. 

tiea,  2U9;  on  Frimula,  219 ;  bud 

309;   seedfl,  316,  319,323,325; 

TBiiBUon,     298 ;      constitutional 

common    pea.    305;     liTbtida  of 

Oannac&t.  230 

OJadiolui  and  Ouliu,  306;  Fha- 

Digiialii  purpurea,  81 :    measure- 

raenla,   B4-87;    efftcts  ot  inter- 

Uaation,   438,   439.   457;    iiiheri- 

oroBBing,  85,  299 ;  superiority  of 

363 

life     bcneacial    to    ptanls    and 

Di>aoe»,172 

Dobbs,  bees  frequenting  flowen  of 

BiiimaK454 

■ ,  F.,    structure    of   Pha>a>liii 

same  species,  416 

tnuliijlonii.  150  ■  Fteria  aquiliiUi, 

Do.lei,  Dr.  A.,  sexual  rpprodnotion, 

404;     ptrlbraliou    of    Lalkynu 

409 

igheilfi,,  42!) 

Duliamel    on    Baphanm    lativut. 

,  G..  on  nifimageB   with   flrat 

893 

coadnB.460 

Dun  111,    nectar    as    an    excretion, 

De.ni.lie  on  Delphinium  ««(o(Ma, 

402 

129 

Dyer,  Mr.,  oa  Lobelia  mmow,  176 ; 

De  tBndolle,  neclar  as  an  eioietion, 
402 

on  atu^aria,  3^15 

h. 

1                  1 

^rlef.  W^  Belf-fErtlliwUoii  of 
Lathynu  odonUui,  153 

E«U.n.  lU-y,  A.  E.,  on  Prfnfflwi,  MS 

EiigulinBun,  di^vt'lopmenC  ol  bbxquI 
fortiiK,409 

EdeIl'^i  Dr.,  ou  didiogBinoiu  Baai- 
fraga,  410 

RnUmiuphiluuB  plnnts,  408 

Epipaelii  lalifolia,  attrBctive  oal; 
U)  wimp*,  ST5, 123 

Eriea  letralix.  4S1 :  peribnted 
oonllu,  42(1,  434 

Erythrina.  itOO 

£KA(ehoUiia  oaUfornioa,  IDO ; 
maunrenitiitslli):  ptauU  tailed 
bvm BmxitiBQ  seed,  111  :  weight, 
US;  BBHk,  113,  US,  315.  SIS, 
322  ;  eiporiiueutB  od,  2l».  2Tfi ; 
iraperiocity  of  Bulf-fertUiBed  over 
cioBwd,  290;  early  flowering, 
292,  204:  orliBcL&Uj  iwir-ferti- 
lised.  8:i2;  pollwn  from  otlier 
flawera  wore  oflTective.  3*0 ;  MiU- 
BterilB  in  Brazil,  343,  OSH 

liUpliTa$ia  oJieinalU,  Sfld 

Ew'yale  anuuonioa,  366 

/erox,  3(i5 


Fabrioiua  on  Ariitoloebia,  417 

Fagopi/nim  etailentmn,  22S  :  earl; 
flowering  of  croBBfii  plunt.  293 

Fnivre,  Ptiifeadoi,  self-fertiluatiou 
of  Cannarea,  230 

Forrer,  T.  H..  papUionweoiis 
Sowars,  6;  Lupiniu  lutetM,  147: 
Phiuealiit  multiflonu,  ISO,  431 : 
Futini  tatimna,  iSO ;  cloaO'Stit- 
lilieation  of  Lobelia  rumoea,  176 : 
OD  Coronilla,  405 

Femiond,  M..  Pkaiealai  raiilli' 
ibmu,  151  i  P.  ooccinotH  hybruiwi, 
151 

Fertilieation,  mcoiu  of.  356 :  ptuuU 
Bteiile.  or  itBriially  bo  without 
ineeot-aid,  357-3(54 ;   plauta  tei- 


9  fram  a  di^- 


tUe  without  inseoVaid,  365-309; 
meaiu  of  erost-ferliiiialion,  370 ; 
hnminiDg-birda,  371:  AuBtraliaii 
flowetn  fertilrard  bv  honey- 
ncting  birdB,  371 ;  in"  New  Zen- 
lanii  by  the  AtUhomii  metanira. 
871 ;  attraction  of  bright  ooloure, 
372 :  of  odoure,  S74 :  flowera 
adapted  to  certain  kindt  of  iiuertB, 
375 :  la^e  lunount  of  pollen- 
giaini,  370,  S77 ;  transport  of 
poUen  by  iaaeols,  377-379 :  struc- 
ture tLOd  oonspici 
flowpra,  361;  pollen 
tinot  plant,  3r" 
poUen,  393-400 

Fertility,  heights  uiid  weighta.  r»- 
lative,  of  planta  oneaed  by  a 
Ireab  Btuck,  self-fertilbed,  or 
iDleroTuBWd  (Table  C),  245- 
252 

Fertility  of  planta  as  influoD(«d  by 
croas  and  »6lf-tartiliBation  (Table 
D),  312;  relative,  of  oroaaed  and 
Btlf-fertiliaod  parenta  (Table  E), 
814-319:  itimte,  from  a  Orou 
witli  ^enh  ab-ck  (Table  F),31U; 
reloHve,  of  flowers  croased  with 
pollen  from  a  diatinrt  pLmt  and 
theii  own  pollt^n  (Table  G).  321) ; 
of  oiosaed  nnd  aelf-RBrtiliaad 
flowers,  324,  325 

Flowering,  perioil  of,  auperiority  of 
oroDBed  over  aclf-reriillaed,  S^l- 
2a7    . 

Flowera,  wtiite,  larger    proportion 

and  uDnapieuonBDeBB  of,  3bl ;  um- 
Bpii^uana  and  mcoDapicoou^  385 : 
papilionoutouB,  i>85 ;  ferdlued 
with  pollen  from  a  diatinot  plant, 
388 

FoTfylhia  viriditiima,  341 

Foxglore,  81 

Frariklaud,  Dr.,  chemical  affinitT, 
466 

Fraxima  omtu.  402 

Fumaria  eaprtolata,  369 

qffldiMit,  366 


Qaliam  aparine,  369 

GEJleaio,  apontiUKiOUH  croaaing  of 
oranges,  391 

Galton,  Mr.,  IiimnanthBt  doitgl^trii, 
146;  report  on  the  tables  of 
measorementa.  IS-IU,  14<i,  234  ; 
aelf-fertiJiBed  pliinta,  290,  291 ; 
goperior  vigour  of  crosaud  seed- 
lings  in  Lalhmti  odoratiu,  353, 
355 

OirtDer,  exoes&  of  pollen  injuHnus, 
2i;  plants  fertiliging  one  anuthcT 
at  H  mnsiderable  iliBtance,  152; 
Ldbelia/ttlgeni,  179,  330 ;  Bterility 
ot  VBrbaKamnignim,.i30  ;nnmbar 
of  poUen-gjaiQs  to  fertilise  Geam 
urSoBum,  377  ;  eiperiments  with 
poUen,  379 

Qeiitry,  Mr.,  perforation  of  corolla, 
427 


1*2 

Qeraniwm  phaim,  420 

Chrardia  pa^culaTia,  427 

Ocnniiialion,  period  of,  and  relative 
veigbt  of  seeds  from  creased  and 
self-lertilised  flowers,  352-^55 


Oflneriaeae.  92 

Onam  utiomiin,  Dumber  of  pulleo- 
grsiDB  for  fertilisHtioD,  377 

Siaueiilm  hleum.  366 

Godron,  interonissiug  of  carrot,  172  ; 
Priinttia  grandijtota  affei.'ted  by 
pollen  ofP.o_^'na2ii,  378;  tulips, 

OouJd,  hnmmiug-birda  frequenting 


.    33,440 
Gnint.  Mr,  bees  of  difi*erent  hives 

viBltingdill'ereiit  kinils  of  Howers, 

423 
Gl*j,  Asa,  aexunl  telHtioos  of  trees 

in  Uoilud  Stntea,  412  ;  un  sexual 

reproduction,  439 


Hasflttll,  Mr.,  nomber  of  pollcn- 
grsins  in  Ptoony  and  DuudeUou, 
376 ;  weight  of  pollen  produced 
by  one  plant  of  Bulrush,  405 


Heights,    wcighta,    and    fertility, 

huromary,  238-284 
Henschul's  fcipurimente  with  pollen, 


164 

Herbert  on  cross- fertilisSitioD,  7; 
pollen  brought  from  iliatunt 
plants,  378 :  epontaneouB  orossiiig 
of  rliolodendrons,  394 

Hero,  ilceeendautii  of  the  plan^  47- 
51.206;  its  belf-ferlllisation,  349 

MeUrocenlron  mezieanum,  361 

Sibitout  a/ricanut,  140;  measure- 
niGtits,  140:  result  of  oipcriments, 
277;  early  flowering  of  crossed 
plant.  292, 296 ;  number  of  poUen- 
grains  for  fertilisation,  377 

Hildebrand  on  p<>llen  of  DigiliUit 
purpurea,  82 ;  Tkunibergta  alala, 
96:  esperiinenlB  on  ifwiwdioifcta 
eali/omiea.  no :  Vi'la  tricolor, 
123;  Lobelia  ramota,  IIG  :  Fago- 
pyrum  ateuUulam,22S ;  self-fertili- 
lation  of  Zea  ma</>.  233  ;  GorydalU 


H3I: 


fioritm.  331,  SSU;  Hliii  H.  pro- 
(»iTRb«w,331,:i66;steHlityof^A- 
scfcoJiiia,332;piperinienlEnn8elf- 
ftrtilisatJon,  340;  Carndalu luCsa. 
369 ;  spontaueously  BElf-fertilieed 
flowers,  366;  Torious  meahanicitl 
Btmclure  to  eheok  selMortilisii' 
tlon.  382 :  early  sepatation  of  tim 
seX's,  400:  on  Ariitalotkia,  41T: 
fertilisation  of  the  Qramineic,  440 ; 
wide  disseminolion  of  need-",  450 
Hoflinann,  Vtx>l.  H..  avir-fenilided 
capnuleti  of  Papaeer  tOTaniferum. 
lUS,  3i;G:  AduiiU  laUvalb,  129, 
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^^^B                  BOirrr-DEW. 

KBB«. 

^^V     S6S:    spontaneoiu  ToriabUitT  of 

Ipommt   jmrpKrea,    28;   meMUio- 
monta,  29-49;    flowera   on   Mmi, 

1                  fBrtiliBatioii  ot  kIdney-beBn,  192 : 

plant  oroHsed.  41-14;  eroan  with 

Papaver  ahmum.  331 ;  sWrility 

of  Corydal^  K,li.ta,  riSS;  Unim 

of   Hero,    47-51  ;    suuunury   of 

Honey-daw,  *02 

ing  mean  heiglils,  53;  summary 

Hcveml  Bowers  ut  once,  3li5;  on 

oroBsed,   289;     early    fliiwerine, 

BBKual  relutiou  ot  trees  in  Nuw 

Zealaad,  111 

300;  uniform  colour  of  self-fer- 

tills.  d,  308 ;  seeds.  314,  322,  32t ; 

higlily    self-fertile,   SIS;    prep->- 

Humboldt,  on  tbs  gnilDs  of  cerealB, 

teucyofutljerpoUen,  397 

S51 

Humming-birdB  a  mcaiu  of  orois- 

&omcal;x,402 

Iiobma,  176. 301 

Hyaointli.  iiSl 

m               HjbridplBnta.tendeooyto  revert  to 

3. 

^^^        their  pareut  fonua,  iiTS 

Jaglan,  regia,  890 

" 

K. 

Kalmia  UHfolia,  359 

Keruer,  on  protootion  of  the  pollen. 

376:  :.D  the  single  i.ily  Dower 

Mofls    by    fresh    atotks,     105; 

pollen  carried  by  wiud,  403,  406, 

romaikfl   oil   eiperimento,    262; 

412 

■uperiority  of  oroBsed  over  sulf- 

Kidney-bean,  152 

fisitiliatd  BoedliiigB,   289;    early 

Kitrhei.er,  Mr.,  on  thft  action  of  the 

,                   flo*eting,  292 ;  noHiber  of  seedii. 

sUgm!!,  01 ;  on  Viola  tricolor,  123 

^^_        315;     bigUly    eelf-fertilo,    305; 

Knight,  A.,  on  theseionl  ioterconrao 

^^B        piepotencyofothirpallun,  ^2 

of  plants,  7  ;  crossing  Yarieties  of 

^H  ■ ainara,  365 

peaa,  163 ;   eexoal  reproduction. 

^V       Birds,  371 

439 

Kohl-rabi,    prepotency    of  pollen. 

3U3 

1               /irfBo,  Sil.  367 

nolime-tangers,  387 

poHWa.  3*1 

number  of  polleu-grainsnecissaty 

[ Inieritance,  fotoe  of.  iu  plants,  305 

^^m      Inaeota,  meaiu  of  cri>aa-&rLiliautioQ, 

^^K        371 ;  attmctad  by  bright  coluura, 

with   puUen    of   HibUeia    ««- 

^^^1        372;    bv   uduuia,  374;    by  cuH' 

^^B         spicuous      flow.-rG,     383;       dark 

^^H        streaks  aod  marks  as  guides  for, 

90 

^^H        372;    fiuweni  adapted  to  certain 

^^m        Unds,  375 

ruujovn1ofwroUu,420 

I 


L£abtabB,93 

■  Laeiwia  taliva,  17:<,3G9; 

meiit,   174 ;  prepotenoy  af  other 

pollen,  397 
LanOam  aOmm,  3S9.  116 

jmrpureum,  416 

LalAynu  odoralM.   15:<-160:  niea- 

BuremL-DtB,  l.')7-l<!0 :  remarks 
L  on  eiMiimoQts,  265;  period  al 
I  BoweAng.  2!)5 ;  orna^fertiliBalion, 
I      304;  eee(lB,316.325;  eelf-fertilo, 

S67 

grandi^onu,  155,  360 

niudlia,3SJ 

tylvalnM,  perfaration  of  oorolla, 

429 
Lawes  and   Gilbert,  Messrs.,  oon- 

EampCion  of  inorgania  matter  by 

plnnta,  448 
Laxton,  Mr.,   ctosaiag  varieties  of 

peas,  103,  305 
Leoop.  Cyelamen  repandum,  21.1 ;  on 

Fumariaeea,  S.'iS :  anniuiJ  plants 

nrely  diceeious,  413 
Leeraia  oryaiidiii,  S.'iO 
Ltgumiaoiie,  147 :  summary  oti  the, 

Leighlon,  Rev.  W.  A.,  on  Phaeealtu 

mlUtifionn.lal;  Acacia  magnifica, 
405 
Leplaiiphm 


IjetetienauUia  fonaosa,  3G4 
Lettuce,  173 
Zi<Ititni  aurahnn,  341 
Limnaidhss  liouglaeii,  14S :  measuie- 

>ineuta,  116 ;  airly  flavoring  of 
flTOBsed,  'iSS:  geeds,  316,  323; 
highly  Bolf-fertile,  3t(7;  prepo- 
tenay  of  other  pollen,  397 
Urtaria  Bulgaria.  9,  SS  ;  seeds,  322 ; 
self-Bterile,  3tI3 

cifTnbalana,  .184, 422 

Liudley  on  Famariaeea!,  359 
Link,     hypoputaloas    nsL'tsry     in 

Ohironia  decatiata,  40:i 

^^Ununi  grandiflontia,  313 


Lobelia  ertntu,  176;  aeoretioii  if 
nectar  in  BDnetiinf,  103  ;  aiperi- 

ments  with  beee,  120 

Lobelia/Mlgem,  lT9;iueaearementB, 
180-182;  Biimmary  of  eiperi- 
mDQtB.  274;  early  flowering  of 
aclf-fertilided,  291,  204,  295 ; 
seeds,  323  :  Bterilo  unless  visited 
by  Immblo-beeB,  364 

ramoia,  176;   meMuremButa, 

177,  178;  early  flowering  of 
orodsed,  293,  295:  Beeds,  32S; 
self-aterile,  364 

taaiior,  176 

Loiaeleur-DeBlonRohnmp,  on  the 
grains  of  oercdia,  351 

Lotaa  comiealatua.  361 

Lubboak,  Six  J.,  croas-feitilisation 
of  flowers,  6 ;  on  Viola  triedor, 
123:  bet-s  ilistingnishiag  oolDm^, 
373 ;  inatinct  of  bees  ond  inaeoU 
BuckinK  nectar.  415 

Lupinuil^Uui.  147  r  measurements, 
148;  eaily  Boweringof  gelf-ferti- 
liaed,  294,  290;  aelf-rart[l8,  367; 
prepotency  of  other  polltn,  397 

piiosuB,  149;  Belf-fertUe,  BUZ 

Lyahnii  dioica,  411 


lunger  BtumonB  of  ihododendnntB, 

298 
Mahonia  aqaifoliam,  395 

rcpena,  395 

Ulaloaeeie.  140 

Marcgraviaetx,  404 

Maetfrs,   Mr.,  orosB-fBrtilisation  in 

Ptnim  aotivunK    161 ;    oabbogai 

affected  by  pollen  at  a  distanw, 

37S 
,  Dr.  Moiwell,  on  honey-dBw, 

102 
Measnrements,    summary   of,  211  ; 

Table    A,    210-213 ;    Table   B, 

244  ;  TilJa  C,  215-252 
Hedieagii  liipufinn,  363 
Meehan,    Mr.,    fettillsim;   Feliaiia 

violacea  by  night  muth,  168 


J 
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XELASTOHAGILaB. 

MeUutomaoem,  298 

MelUUw  ofiUsinalUy  860 

Mercuricdts  annua,  418 

Miller,  Professor,  on  chemical  affi- 
nity, 456 

MiintUus  lutetu^  effects  of  crossing, 
10;  crossed  and  self-fertilised 
plants,  64-70 ;  measurements,  TO- 
TS ;  cross  with  a  distinct  stock,  72- 
75  ;  intercrossed  on  same  plant, 
75-78 ;  snmmary  of  observations, 
78-81 ;  of  expcnments.  259-261 ; 
superiority  of  crossed  plants,  286 ; 
simnltaneous  flowering,  294,  296 ; 
effects  of  Intercrossing,  801 ; 
uniform  colour  of  self-fertilised, 
807;  beeds,  315,  319,  822,  824  ; 
highly  tself-fertile,  848,  869 ;  pre- 
potency of  other  pollen,  392,  897 

roseus,  68 

Miner,  Mr.,  red  clover  never  sucked 
by  hive-bees  in  the  United  States, 
861 

MirahiliSt  dwarfed  plants  raised  by 
using  too  few  pollen-grains,  298 ; 
number  of  grains  necessary  for 
fertilisation,  877 

Mitchell,  Dr.,  on  first  cousins inter- 
mariying,  4G0 

MonochoRtum  enMferum,  364 

Moore,  Mr.,  on  CSnerarias,  335 

Miiller,  Fritz,  on  Posoqueria 
fraxfrans,  5,  391 ;  experiments  on 
hybrid  Abutilons  and  Bignonicus, 
805,  806;  large  number  of 
orchidaceous  genera  sterile  in 
their  native  home,  also  Bignonia 
and  Tahemsemontana  echinata, 
331 ;  bterility  of  Eschscholtzia 
califomica^  832,  342 ;  Abutilon 
dnnmnii,  334;  experiments  in 
solf-fertilisation,  840 ;  self-sterile 
plants,  841 ;  incapacity  of  pollen- 
tubes  to  penetrate  the  stigma, 
342  ;  cross-fertilisation  by  means 
of  birds,  371 ;  imperfectly  deve- 
loped male  and  female  Termites, 
380 ;  food-bodies  in  Cecropia^  404 

Miiller,  Hermann,  fertilisation  of 
flowers  by  insects,  6,  7 ;  on 
Digitalis  purpurea   82;    Caloeo- 


NAumv. 

laria,  87 ;  Linaria  vulgaris,  88 ; 
Verbascum  nigrum^  89;  the 
common  cabba^  98;  Papacer 
dubium,  107;  Viola  tricolor,  123, 
124;  structure  of  Delphinium 
anuolida,  129 ;  of  Lupinus  lutea, 
147;  flowers  of  Pigum  sativum, 
160, 161 ;  on  Sarothamnus  scopa- 
rius  not  secreting  nectar,  164 ; 
Apium  petroselinum,  172  ;  Borago 
officinatist  185 ;  red  clover  visited 
by  hive-bees  in  Gtermany,  361 ; 
insects  rarely  visiting  fumaria 
officinalis,  866;  comparison  of 
lowland  and  alpine  species,  375 ; 
structure  of  plants  adapted  to 
cross  and  self- fertilisation,  380; 
large  conspicuous  flowers  more 
frequently  visited  by  insects  than 
small  inconspicuous  ones,  383; 
Solanum  generally  unattractive 
to  insects,  887 ;  Lamium  album, 
389;  on  anemophilous  plants, 
400  ;  fertilisation  of  Plantago, 
401;  secretion  of  nectar,  405; 
instinct  of  bees  sucking  nectar, 
415;  bees  frequenting  flowers  of 
the  same  species,  416;  cause  of 
it,  419;  powers  of  vision  and 
discrimination  of  bees,  422 

Miiller,  Dr.  H.,  hive-bees  occa- 
sionally perforate  the  flower  of 
Erica  tetralix,  427;  calyx  and 
corolla  of  Rhinanthus  alectero- 
lophus  bored  by  Bowhus  mastru^ 
catus,  432 

Munro,  Mr.,  some  species  of  Onci- 
dium  and  Maoiillaria  sterile 
with  own  pollen,  831 

Myrtacex,  412 


V. 


Nageli  on  odours  attracting  insects, 
374  ;  sexual  relations,  409 

Natural  selection,  effect  upon  self- 
sterility  and  self-fertilisation,  845, 
346 

Naudin  on  number  of  pollen-grains 
necessary  for  fertilisation,  24; 
Petunia  violacea,  188 


Nsotar  T^srded  as  an  exoietiaD,  402 

NemophSa  intignii,  L  S'2 ;  measnre- 
medttt,  1F3-1M5;  early  anwering 
of  CTOBsed  plant,  293  ;  effocB  of 
oroBs  and  Belf-fertiiisabion,  303; 
seeda  316.  32:i 

Nepela  gledioma,  416 

NieotioMi  glutinpea,  210 

tabaeam,  203  :  mea.'-nrBmeutB. 

205-20S ;  cross  with  freslj  nb^k, 
210 :  n]eiuiueiiii.'nta,  21^-215 : 
Bummaiy  of  experimeiita,2€<!,  207, 
279;  superiority  of  crossed  planla, 
288-290;  early  flowering,  293- 
29S ;  aeeils,  323,  325 ;  cxpert- 
moDtson.  319;  aelf-fertile,  3U8 

Nolana  prostnita,  186;  meaauis- 
ments,  187;  ctosse<I  and  stlf- 
ferttliaed  plants,  277;  number  of 
oapsnlea  and  seeds,  321,  323; 
aelf-fertile,  368 

Nolanaeegi,  JSe 

Nymphaa,  358,  3t!5 


0. 

Odours  PBiitted  by  flowers  attractiye 
tn  iiigeels,  374 

Ugle,  Dr.,  on  DigiUdU  purpureo, 
82 :  flssnerio,  SB .  Phaseolvt  mui- 
Ufiorae,  151,  3(i0,  431 ;  pectora- 
tjon  of  curolla,  42S  ;  case  of  the 
Monksbood,  428 

Onagracex.  169 

OdIud,  prepotency  uf  other  pollen, 


Oamis  mfnuturijiui, 

mt-nts,    168:    seeds,    3:i3;    self- 

fertUe,  367 
O^rya  api/era,  350.  369,  439 
—    miMOt/mi,  384,  406 
Orangve,  spantaneous  crosaing, 
Onhidea.   364.   3"" 

SBCcbarine  matter,  40! 
Orchis,  fly,  4Q6 
Origanum  vulgare,    94 . 

unBtii,    95;    eiirly    flowi=ring   of 

crossed    plnnt,    292;    effects    of 


PiBony.  nnmber   of   pollen-grains. 


:«e 


107 


i'npaceraoeifi,  1 
Papaver  alpimim,  331,  S 

argemoitoidet,  366 

frrooJeaittm,  108 

diAium,  107 

orieataie,  108 

rhsag,  107 

lomni/erum.  108,  331,  BBS 

vagum,    107 :    measurBnieniB, 

109;   niimbef  of  capaulea,  315; 

Beeds,  aSH  :  prepotaiioy  of  other 

pollen,  397 
Fapilire  of  the   Viola   triaolor  ot- 

tractivt  to  ineoote,  12i 
ParslHY,  172 

Pasnfara  alata,  330,  334 
graeHie,   171 ;   nieasaremenla, 

171 ;  crossed  and  eel  f-fcrti  Used, 

276;    Beeds,    823;    self  -  fertile, 

365 
Faii^lorastai,  171,  357 
Pea,  Gommun,  160,  851 
Felargoniwn  lonaZe,  142 ;  moasntG- 

menls,    143;    .ffects    of   inter- 

croseing,  301 ;  almnst  self-Bterlle, 

PenWamoB  argutue,  |  erfomteil  co- 
rolla, 421!.  128,433 

Pebtnia  violaeea,  18B;  meaaure- 
meiils,  189-^03;  weight  of  seoil 
!96  :  croaa  with  fioah  stock,  19ii- 
201;  ruLitivo  f.Tlility.  201-203; 
Dolour,  203 ;  aauimary  of  expert- 
meulH,  265,  274 ;  aupenority  o( 
oroastid  Dier  aelf-fortiliBOd,  289 ; 
early  flowering,  293,  2a4 ;  aniform 
colour  of  aelf-fertilised,  309 ; 
seeds,  316,  319,  323,  32S ;  aslf- 
Bterilo,  362 

Phalarii  eanarieimt,  235 :  mcaenre- 
ments,  236,  237 ;  early  flowuriDg 
of  crossed.  293 

Phafrotui  coBeintat,  1 50 

-muUiJlorTtt,  1511;  meaaurement, 

152  ;  pirtioUy  aterlle,  168,  360  ; 
oiDswd  and  self-fertilisBd,  276 ; 
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early  flowering  of  crossed,  i98; 
seeds,  316 ;  penorated  by  humble- 
bees,  430 

Phaaeolus  wXgaris,  153 ;  self-fertile^ 
168.  367 

Pisum  aativumt  160 ;  measurements, 
162;  seldom  intercross,  169; 
summary  of  experiments,  264, 
278;  self-fertUe.  367 

Plants,  crodcied,  greater  consti- 
tutiooal  vigour,  285 

PZ^roma,  364 

Polemoniiuseae,  182 

Pollen,  relative  fertility  of  flowers 
crossed  from  a  distinct  plant,  or 
with  their  own,  320;  difference 
of  results  in  ^oZana|>ro8<rato,  321, 
823;  crossed  and  self-fertilised 
plants,  again  crossed  from  a 
distinct  plant  and  their  own  pol- 
len, 324 ;  sterile  with  their  own, 
830-338;  semi-self-sterUe,  338- 
840;  loss  of,  376;  number  of 
grains  in  Dandelion,  FsBony,  and 
Wistaria  sinensis,  376;  number 
necessary  for  fertilisation,  377; 
transported  from  flower  to  flower, 
377 ;  prepotency,  391-400 ;  abori- 
ginally the  sole  attrnction  to  in- 
sects, 402 ;  quantity  produced  by 
anetnophilous  plants,  405 

Polyanthus,  prepotency  over  cow- 
slip, 396 

Polygoneasy  228 

Posoqueria  f rowans,  5,  891 

Potato,  387 

Poterium  sanguisorha,  407 

Potts,  heads  of  Anthomis  melanwa 
covered  with  pollen,  371 

Primrose,  Chinese,  225 

Primula  elatior,  422,  427 

grandiflora^  378 

mollis,  368 

officinalis,  378 

scotica,  3(52 

'~^— sinensis,  225,  279;    measure- 

.  ments,  227;  early  flowering  of 
crossed,  293,  296 

veris   (var.    officinalis),  219 ; 

measurements,  221 ;  result  of  ex- 
periments, 267,  268 ;  early  flower- 


SALTIA. 

tog  of  crossed,  293;  seeds,  317; 
self-fertility,  351 ;  prepotency  of 
dark  red  polyanthus,  396 

Primtdace»,  215 

Pringlea,  408 

Protea/ieai  of  Australia,  412 

Prunus  avium,  403 

—  laurocerasus,  404 

Pteri8  aquUina,  404 


Badish,893 

BanuncuUioem,  128 

Banunculus  acrist  365 

Eaphanus  satiims,  365,  393 

Beinke,  nectar-secreting  glands  of 
Prunus  avium,  403 

Beseda  lutea,  117 ;  measurements, 
118,  119;  result  of  experiments, 
339;  self  fertile,  365 

odorata,  119;   measurements, 

1 20-123 ;  self-fertilised  scarcely  ex- 
ceeded by  crossed,  289 ;  seeds,  316 ; 
want  of  correspondence  between 
seeds  and  vigour  of  of&pring, 
328 ;  result  of  experiments,  336 ; 
sterile  and  self-fertile,  358,  365 

Reseda>ce3B,  117 

Bheum  rhaponticum,  401 

Bhexia  glandulosa,  364 

Rhododendron,  spontaneous  orosa- 
ing.  394 

Rhododendron  azdloides,  432 

Rhubarb,  394,  401 

Ribes  aureum,  432 

Riley,  Mr.,  pollen  carried  by  wind, 
405;  Yucca  moth,  418 

Rodgers,  Mr.,  secretion  of  nectar  in 
VaniUa,  408 

Rye,  experiment  on  pollen  of^  376 


8. 


Salvia  eocoinea,  93 ;  measurements, 
93;  early  flowering  of  crossed, 
292 :  seeds,  315,  322 ;  partially 
self-sterile,  363 

glutinosay  427 


'a  grahami,  426,  42S,  433 
-(BnOTi,382 

Saroihavmui  MOpariai,  1 63 ;  □  . 
Hureuimits.  165-167  :  superioritj 
of  oroBBed  acedliiigs,  eSS,  2SS ; 
Bead-i,  323;  eel  f-BlerOo,  31)0 

Beabiota  alro-parpurea,  172;  mea- 
BurmiieutB.  172,  173 

Scarlut-iimner,  150 

Sonit,  J.,  Papaper  mmnifanim.  [08 : 
BterilityofVtrbascuiiL.  380;  On- 
oidiuni  and  Xaxillaria,  itSI  :  on 
Friniula  teati' a  anA  Goriuta  mat- 
Ihioli,  302 

SerophalaHiieeie,  63 

Sell-fertils  varieties,  aDpeBnmoe  of, 
347-351 

BelF-feitUisation,  mechauical  eIido- 
tore  to  check,  382 

Self-rterile  plants,  329-347;.  wide 
diBtribntion  tliroughuut  the 
vegetable  kingdom.  341 ;  dilTer- 
enoe  In  plants,  342;  cause  of 
Bslf^gtenlity,  Si^;  affected  b; 
changed  cootlitioas,  344-34ti ; 
necBBsity  of  tiifferHMtiatioa  In  Ihe 
Biiual  elKmenta.  317 

Senecia  cnieniui.  335.  364 

herilieri,  3:i5 

madBTBrtnis,  3;-t5 

popuUfoUue,  335 

taaaagimt,  335 

Sharpe,  Metisis.,  precautiouri  ugainst 
intercroeaiD^,  39S 

Snow-aake,  I7G 

8Dlana«E,  ISS 

Sdanam  Uiberotum.  862,  887 

Bpeeularia  per/oUata,  174 

tpeculum,  174 ;  meuBuremeiiti, 

~     175,  176;   crosBed  rtnd  Bolf-forti- 

l   lieed.   276;    early    flowtTiiiK   of 

I  oiOBgi.'d,  293;    Beedu,   323;    eelf- 

\  fertile,  369 

r,  Herbert,  obemlcal  offloity, 

rfronf^  auiumnaUe,  391,  42] 

fenRel,    C.    K.,    feitiluation   of 

f'flfiWMB  by  inBecU,  5,  6 :    Viala 

I  irieoior,  123;   mloura  in  flowcra 

( attract  and   K"iclu    inseotti,   372, 

D  Ariitolochia,  417  ;  Aami- 


fum  napelliu.  428 ;  importanoe  of 

inbeotd  iu  fertiliBiDg  tlowera,  495 
Blaehgt  ojccfnea.  426,  428,  433 
BleUaria  media.  367 
Btrachey,  Gunerai,  perforated  Qoirera 

in  tbe  Himalaya,  434 
BtrawbcrcT,  394 
Strtlibia  fertilieed  by  tbe  Neotarini- 

den, 371 
Slrncture  of  plants  ndapled  to  oratB 

and  Belf  feililiention,  380 
Swiile,  Hr.,  garden  lupine  not  Tisilad 

by  bees  in  New  Zealand,  151) 
Sweet-pea,  153 


TabemannontaTia  echituita,  331,  362 

Tablea  of  raiamicemfintB  of  heights, 

weights,  and  fertility  of  plunts. 


Tiuzmani] 


ua  Solamtm  Utiberonna, 


Tobacco,  2(13 

I'ranijiulaiiian  of  tlie  good  efieota  of 
a  ci-oaH  to  later  geueratioDI,  303 

Tret'S.  Beparalrd  BEies,  411 

Tri/aliuin  aruente,  367, 8S1 

inaaTnalitjn,  361 

minaa,  308 

—  proietue,  361.  426,  434 

proamibent,  368 

repen*,  301 

lVop4'oJ»ni  minuf,  144 ;  meeaore- 
ment-i,  145 ;  eaily  flowering  of 
crOBsed,  293 ;  Beads,  316,  323 

— —  tricotor,  427 ;  seeda,  323 

TdliiH,  89* 

Tj/pha,  i05 


UllJ>dIi/er«;  172 

Urban,  Ig.,  fertillsAtion  of  ShdieagQ 
lujntiina.  868 
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V. 


VandeUia  nummidaHfoUa,  90,  278 ; 
seeds,  315,  322 ;  self-fertile,  369 

Vanilla,  seoretion  of  nectar,  403 

Verbaaoum  lychnitia,  89,  341,  309 

nigrum,  89,  830,  341 

phceniceum,  330,  341,  364 

thapsu8,    89 ;    measurements, 

90;  self-fertile,  341,  369 

Verlot  on  Convolvului  tricolor,  55 ; 
interorossing  of  Nefnophilaf  183 ; 
of  LeptoHphony  394 

Veronica  agreatiSy  369 

ehamoMLrySy  369 

— ^  hederasfolia,  369 

Viciafaha,  360,  404 

Wrwto,  367 

sativa,  367,  403,  404 

Victoria  regia^  365 

VUlarHa  pamamfoliay  390 

Vilmorin  on  transmitting  character 
to  oflfspring,  451 

Vinoa  majoTy  f>62 

roBcay  362 

Viola  eaninay  357 

tricolor y   123 ;    measurements, 

126,  127 ;  superiority  of  crossed 
plants,  286,  289:  period  of 
flowering,  292,  296;  effects  of 
cross-fertilisation,  304 ;  seeds, 
316,  325;  partiuUy  sterile,  358; 
corolla  removed,  420 

Violacexy  123 

Visearia  oculatay  130;  measure- 
ment,   132*    average  height  of 


crossed  and  self-fertilised,  276; 
simultaneous  flowering,  295 ; 
seeds,  316,  323;  self-fertile,  367 


W. 

Wallace,  Mr.,  the  beaks  and  faces 

of  brush-tongued  lories  covered 

with  pollen,  371 
Wasps  attracted  by  Epipactis  lati- 

foliay  375 
Weights,  relative,  of  crossed  and 

self-fertilised    plants,  244.    283; 

and    period    of    germination   of 

seeds,  352-355 
Wilder,  Mr.,  fertilisation  of  flowers 

with  their  own  pollen,  341 
Wilson,  A.  J.,  superior  vigour  of 

crossed    seedlings    in    Brassica 

oampeatrii  ruta  haga,  353 
Wistaria  ainemUy  376,  427 


Y. 


Yucca  moth,  448 


Z. 

Zea  mayty  16,  233 ;  measurements, 
16-18,  234 ;  difference  of  height 
between  crossed  and  self-fertilist  d, 
288 ;  early  flowering  of  cro^jsed, 
293 ;  self-fertile,  369 ;  prepotency 
of  other  pollen,  897 
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